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(54) FREQUENCY SYNTHESIZER 

(57)Abstract: 

PURPOSE: To reduce the circuit scale of a phase 
correction device by integrating a differentiation phase 
difference between reference differentiation phase 
information and differentiation phase information 
obtained from phase information extracted from a 
voltage/current controlled oscillator so as to obtain a 
phase error. 

CONSTITUTION: A reference oscillator 1 1 generates a 
tooth-shaped wave reference signal with a prescribed 
frequency and a differentiation phase is obtained by 
extracting phase information from a reference signal 
differentiation phase generating section 1 3. The output 
of a VCO 1 5 is a tooth-shaped wave signal and the 
differentiation phase is obtained by extracting the phase 
information from a tooth-shaped wave signal 
differentiation phase generating section 1 7. A 
differentiation phase comparator 18 obtains the 
difference of the differentiation phases from the 
generating sections 13, 17 and gives the differentiation 

phase difference to an integrator 1 9. the integrator 1 9 integrates the differentiation phase 
difference to obtain a phase error and the phase error is used to control the oscillating 
frequency of the VCO via a signal processing section 20 and a voltage converter 21. Thus, the 
phase jump of 2p caused in the phase error signal is eliminated to reduce the circuit scale. 
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tti&ft) fttcaufrfcLTttttflMRettittiu flaar* 
m a -r * c t * it at «t -r « m & ft v > -t d- -f -3* . 

20 t-y-f If. 

•[W*3t6] 1**312 IC 43 V>T> «R*fll^«*«tt, fift 
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u cttsssft) oflgftttftjg&ff-rsjBttflre&mft 
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•[■1*517] Mf*9i2fc*^T, M 
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«r m # -r -a c <t £f#m <t -r s a -> > -t im if. 

nNd;&£>*<!: tt^»«»Nt=C • Nd£ 

«B#Hft N t = C N d s- tti ^3 l . 

«=c (p+ n t^r^^v^^x • 

•• S + P 1 • (M-S)=C(PM+S)=C- NdSr^f & 
B#fl*N t= C Nd£ffl2) U 

&nz>ftm&.mw.m mzm cxmrnm®. p i it ft\t p 2 
If-flf. 

<o, wimmmm^^&^m±mt. si&xtvj&l®. 

Ns (fcfc'U Nstt, Ns=C • N • f rl/fvT^3tl 

mt. m$imnm i %%£.m<Dftmi>fcmn$:>7Uy>7 1 

frl) (fcfc'U Kteg**i&) *{C«*ffcLT?K#&ffl 

tti^-r-s c <t *«f*i-r*Hjft»-»-fe-y-r if. 

pIJEX^y^JkttNs (feftfU Nstt, N 
s=C-N - f rl/f VC*Sn*) &*r-r«fteft!fll% 

•1/ (Kfrl) (fcfc'U KttgftSft) Sfc«*ftl,T 

a t l r ttj a-r * c t <t -r m m&. -> >-t-y--r 

• 1 2 ] m&m 1 . 2. 3, 4, 5, 6. 7. 

«. 9. 1 OZtzitl 1 IC&HT. ffiaHB^&Sffitt. i 
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ffls d <t t-r >-tu-f if . 

• [§S*J1 1 3 ] 1. 2. 3, 4. 5, 6, 7, 

9. l OJfclii i K:fc<,>T, MfBfl^S&ggBtt, 

•[St^l 4] If^^l 2$felJl 3fe«CDJ3jfcgC->> 
-triM If <7V>& < t b-&£f*)M?Z> Z. £ £#m<i:-f-5 

m&m.~»-tiM*f£, ««*-»-fe-y-rif^6©»iB 

S9t2^&IS'>>-t1f-f1f«, WE*J8«^K:*^t»T, 

* f vtbfet^tc. f v =N- f ri©MfiUC&.5) T, 

ff^^tli^b, -Ciffifi!^, (mKfrl) (fc 

B. 

•fritt, m^^nfc^ftlS^ f vfc Lfei^tC, f y— N 

•• f T\(DMmz$>z>) x\ imm&tzv), »^an^* 

««B1/ (mKfrl) (fcfc'b. K*J:^mtte«{») 

ct*#*t-r*««»-»-t-y-fiffc**t*«jS[ft(« 

•[0 0 0 1] 
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•[0 0 0 2] 

M»^nti3 0 (##3tltt:V. Manassewitsch, "Freau 
ency Synthesizers Theory and Design", pp. 1-39, John 
WileyS Sons. New York. 1976) , *#{C, Mm^<nWM\Z 

W56iK» (£TF. VCOiitS), 1SE^»«*«fcaf* 
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■T -5 © T iS! jg (c m ft R £ ® K) # -5 £ £ T # £ t > £ tr > 
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K No. 2, pp. 95-102. 1990^2 fl). ClCDS^SCSr^: 
CTH, R®&m$^^{fc/imR->>-fe-iMlf*5££: 

ffla»c«t offset, JtiS!i(S*tc$*nsiS{gS8»^s* 
1 f •& c: i: ic j; -d rm ®.t&.ww&fffl ommt & m x ^ 

fi-JtCDteffifif $8£/ie#jT/K (KttgR) StC 2 Tt/K-f 
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•[0 0 0 4] E ' =mod { (E+3tt) , 2 k) - n 
CCT. mod {A, B) \tA £ B TRfc l>fcfl#©StiJ&£: 

vco<DH»R«*l*?K:Bittrr<&. 
c©B#. vco»«inttftfvBSq>A^jqttft«f rl 
t-T-St. TSRl £&-5o 
•[0 0 0 5] 

•[Rl] fv=(N/K) • (K • f rl) (Rl) 

fc, K*t**V»K£. rfttofe, ttttfcARRK- frl 
•[0 0 0 6] 

RlBWtHRR^>-felMtflc:fe^Ttt, ffifflJtKS© 

•[0 0 0 7] jifc, »«4i«it|fi!iaflfEft;«««C^>-fc-!J- 
-fif©±l2Rl fc*lr»T. N/K^SSTftV^^, qE 

oT, fB£H«R*«m«©fl«RK:^£fc-ai/fc^£ 
^5IB2 0|B|jB««**. «SJA«, K*i8, Nj&UOO 
•2. 2 7tJC«aT*3t«CA««l 0 0 0 if*. d»« 
#, ^->*^PN*^>^w«*fkMCi(i=l~8)(c, 
**A/N*3RflCbTiE«fl:LfciEaft(a:ffittVi, S 
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•[0 0 0 9] SW3^ftfflffiRi£IE^fcftfflfilVi<hcD 

lE&fc&ffitt V i iM^fH i £ */Jn»j*jkTIB 2 
fT*>SJoT3E^LT<&5rt*. ±f6©*£$U4^tt<=>£*$|5g 

•to 0 1 0] K«st«#*^-r-5«^, 

1 &IS{gi>£ <Dtz tt> \Z KM IS P <D Zf U * y - 7 A 

•co o 1 1] g=fc, ±aBSE$(oftffiffiffijtttit«Eftnft 

•[0 0 12] #58BJl<7)Sgl ©@#){4, &ffl«IES*t^M 
THIISWI*t||!l*T#*«ttac^>-fe-!J--f IfCDtljaEttt 

•[0 0 1 3] *5§9§<£>Sfl2©B#Jf4, N/K(K>l)*t 

M IS «J 0 « x * HJ fig 1 1 Z> C <t T & -5 . 
•[0014] 3 OSMtt, {4ffi«^©iE«fb 

•[0 0 1 5] *%HjcoftficoBWf4. yijx*--?. !f#tc: 

•[0 0 16] #«9i©ft&©gfl«jtt % ««*-»-fe-y--r-y 
•[ooi7] *3R!0j<Dffiwgw(4, &9t.o>mm?-**)v • 

•[0 0 18] 

• ±C»i, $g2*3«ku:sg 

•[0 0 19] IBE&StWifltftfcJ^OSWHttft&lHfljl 
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« ra m)\>- 7&ffii8. l xmmm £ saw-*- ~> 

•[0 0 2 0] nex«0«tt»ttffi«!£^Ra. urea 
•[oo2i] neiMMrotsstt. 

tJt»T, jSMLJUifclSf r GfcjKU frtttt*©«» 
IS) T, UlW&fcDH (jfcjgu H(4i«§IS) ml* 

so -t^mm^&mm^^^t, mmmvt&mmnftZL 
Ta*r***«**»tt*f8*(Bt*aA. mass* 

J^SISfr (fcjKU f rttffifcOHttft) 77, 1 NJfl& 

io »c»o*(,>T. «iigL^&»f ri-(fcfc*b, f rite, MIE 

IS) l9ff*ftlTttffii««iittft»|:i / Tfitfi« 

*«*»60««m<»*«»ll/ (mKf ri) (fcfc'U, 
K*3«kUCm(4g^lS) «{cS*<t;L.T^ffiffi^&J4tt5 

1 »fclM«SmKfiLTa#ttSfffl*WAL, 
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tt> tt/l?&N©#J!88g£C!5;^ #^§§«> N*T©ffl* 

•[0 0 2 2] $f,t:> *5rl2«g#«^feSPfi, ffirfB^jg 

vtbfct^lC, f V =N • f ri<0@8«fCS*) T\ 1^ 

mk) m&#{fcu m±&mmnc ■ n (&*tu c« 

(Kfri) (fcrtfU K«g£*2&) «IC 

tt«flMBsaau 

ffifiMB <t U T C N £ tB^jf -5 J: -5 (C L T «fc 

•[0 0 2 3] SB««#58ife8Bte. IWE$SiHS**K: 

•[0 0 2 4] mte«tt«^9B^ffi». i»iec*» 

££{Sx..5. e^»«Nt = C • Nd^tt^yiJXir 
tt. «#ffi«W*&LTme#H«Nt = CNd*tti27 
©UiM^^Pyi'il/T, WIBftfflftC SAMBA** 

•[0 0 2 5] fcKtt. fl38B«itt«^9S±ffi». ttJiife 

Pl = CP(fcfc*U Pteii£*&) <t»^|SP2=C (P + 

•1) tSfl-r-S 2tya7X • yiJZdr— 7t, oJ^# 5 
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•• tlx. T, Jg-&#Jf»Nt=P2 • S + Pl 

•• (M-S)=C(PM+S)=C • Nd^tt5/tJ|/77 
7D-^^IT*0, lfflgBS«|Sfg*t«&#ti:fflSg£ 
*#ffittW*£LTMflB#HftNt=CNd*ffi2> 

•• •fiJZtr-^cDtiijjmnZpnyi? tbT, StrfB7.'7 

if «P2*t9t2^&s: f TicD-mmmgffivzimzKmis 

•[0 0 2 6] ffTflEflB*m4»SE£&tt. ffltBC£# 

Bj^XT-^y^fiiNs (fcfc'U Ns 
tt, Ns=C-N - f rl/ f vTS^ttS) *#f-5ftffl[ 
fWMSfi»T*g» MfBRttft»fig|I8gte, fJfBgg&fl 

**Ns£iR«UT«JBl/' (Kf r i) (fcfc'U Ktt 

•[0 0 2 7] 2 SIC, «»eitfifttMffi«£ffiB, 
"I^fyy'ftttNs (fcjEU Nstt, Ns=C • N • 
•f rl/ f vT'S£*l&) ««"r«ft«IHIff!fi«-C« 

^«*?v:/**Ns*Wf»l,TfflJWl/ (K 
frl) (fcfc'U K«g^») «K**YbbT«»fi[ffi 

•[0 0 2 8] lWfBM^4!!iJia$te. D9BBa»»A»6©m* 
•[0 0 2 9] £l±©«fc5K:. *^HJT«. -ocDfi^CD 
•[0 0 3 0] 

•[0 0 3 1 ] *&, «ffi/«cftSffl!Eiig§te> 

•[0 0 3 2] «»ffi*H:«!»f4, B9l5*2p«#DS^fiffi 

1 towMsanSL-r-s^s^jgLfeo-r-s. 
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• [0 0 3 3] xtfesii. fft&mm&wBvmtim^®. 

• co 03 4] MffiR«ffi*tt£H&ffiR£#gktt. £g#« 

•[0 0 3 5] ttS/«SK«f«PKaE«OUAA^^6m 

•1/ (mKfrl) (fe£U K*«t^m«a«R*) *K 
•[0 0 3 6] AMI 

•1/ (mKfri) *c±E»»»Nr-3»inra««T 

©R«ttfWfijR«£SJ£U -^©{i*S£»*P«^©&*S 
±IE»H*mNta:*. -±ES«PflM*»$HSrtB<tVCO 
0VCO«DHttftSWflT5. 

•[0 0 3 7] &ffifif«te, ^»©J;5l:^tt*fL-t 

SE2 
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ens. 

•[0 0 3 8] ±gB«#ttfflM#£«#Lfc*>©a<&fflra 

•[0 0 3 9] 361|»«^*»ffi«*«tUTBJ«»«ftN 
»3®IBIHAK:»"r*f^fflttWaT**. 

•[0 0 4 0] m2<Dmm&iztt-rz>ftm>£:X.\zwiwT 
N/Kd^s»Tab-5fcJi)»c. 09Atf. vcoifl 

ft*. tV>«A*i. **Pfll^«»tt«Ni:±IE»l* 

#«»&«N<t±iaas 2 «*M^«i«i^i©M»T-fe© 

*<h^tcft* 0 -f — «JWlctjfc*ffi«W«*«* 

T** ii V» 5utlt V C O JROHttftfti 

±©Cfc£*#«**«fc±-3"CK9rr*. K= 8 , N 
-1 0 0 2tT4t. *£>*«*fl:ttCi(i= 1~ 
8), -t©«3Mfc«J|i«-Di, -tn*KffiFUfc«»ffiffiffl[ 

•[0 0 4 1] 
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•[0 0 4 2] Pftt#ftfttt0£T&«tt#&ffiSgS A H 
•[0 0 4 3] 

*sii&ia:v>-fe-y-'f-!fcD7 , n^i7E^i2ii^^-r. si 

Bll. ««tt»**«*«£»l2, 

£&B13, Znyp&ZifflU, mi£ «gft) M 

S520. ^JE (&«fr>t2. tttt) &*mi&J:Zf'f>9 7 
x-r*«B22**bT<^5. 

•[0 0 4 4] *Dy*5B£«!14f2. S*P3SH§§1 l©ffl# 
«^6«*»f rl**"T*l8-^ay^. ffl&gic f rl 
©K Ofcfc'b. K«a^U:) «©Hft»cf r2*#"r*J6 

^D V ^S*4U «^H^^gP(12) (13) (17) (18) 
<19) (20) fc&fifc*ny 

fflfg*9513t2. MttK f r2«icXqiA4«Dtt^-fi:ffimi 
£fg£T-5. fE*ttft£*ft*3E£ffil2««):tf£qMB* 
a#&*§fg£gB13£"&fc>-t*-T, **P«^*»tt*«*^ 

•[0 0 4 5] «ttK8EA*A^^aS16tt. £ 

m-a-a-t;«i:osifiEsnT*o, mee (ssixj, mat) 

tt»«tB«15©a*«#*»6»fiU«** f rl©£g|&#c 
fiffl^*feSB17$:^t)-B-T> 381B«#«$Hatt3Bife#ft£ 

•[0 0 4 6] a#&ffiJt&§gi8tt, S*Pfi#a#&*B1f 
3". ^&SB21te, fH»$aJSSB20©tH:*jfHt£$Sffiggl5© 

Kisiz>nttR£iMfli-r-&. -r>^7x<xsc22«. «a 
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£-f 7 x-f Xffl522£tf-bTfg^T#$. 

•[0 0 4 7] g*m^a#<£fflfg£^g:i:fg»i^a# 

Ht, *fifll^»catJlr»T. tftjgbjgttftfr (fcfc'l, 
■frttttiB©««») T, lfl*l*&OH <fc«U H 

N@**fl;-r*«fe5»cbT>b«J:H. *&, %JS 
fSSIttfi^Sr^Wl/ (mK f r i) (fc/t*U K43J;tf 

«fa-r*ttffi***jt«bT*»*iffi**«)T. 

U S^m^a#teffifS£#&©g^ffi^a#fifflfg£ 
«»2. «»ffiffltbTmN*tB*-r*i<tt>T#*. * 

fc, cot*. sefi^^ft^ffifB^^soffittm^flt 

$Ha«SB£S|5Ttt» IMfflllmCN (fc«U Ctt 

30 -[oo4 8] x^ffi&mz. &mmmzmmmmi<Dffi 

«^£©&ffl|g#£iI&#«6;t»£(cS££T-5&ffl?lltf 

ifjisi/ftif*. **i6«T*«6fcfii[!ia3S»fl» 
•[oo4 9] *mffito\z&i,>T. m*&&m*imxae. 

"0 ^ft»f r2S(C±iBg^ffi-roJfJp-r^>^^T©^:M$!l 

•[0 0 5 0] *^^©i¥aBSlifi0u-e*-5a^fflJt«!^ 

50 ht, H 1 tSHH«ffi**-r*l3»yDy ^fettle]-© 
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?3F#£ttLTHa. «»ftffitt«!««»-»-fe-y-'f1fl0 
S«Pf£ig§§ll. ^Py^fE^gBM. VC015. 

a.DN*"i7>^i6 (0 1 <Dm®ft&Lmmmnm§iBizti 
is) . «*^»fi:ffi^±gi5i7 mi<om*m^9L»HL 
m&HLmiztifc) , *s#ggi9, m^- 

mmmo> d/a^&§§2i m i <Dnm&&&iz$ti&) 

•[0 0 5 1] H2C*HT, S*PfgJg8§lltt, #J*.tf, 
*JMBiR»T»D. 38«H«ftf rOO^Dy^flJ^S* 
Sll±KtH*-r*. *ny2rfg£«14tt. #^ftL£# 
*-*#H«141£. »H*KSWJ-*»«»142t. &a 

*>. *ny*SB<fe«l4tt. S*Pf81gS§llcDffi7jfi*t£# 

U d«)^-^Dy^>&^S142TK^fflLT«ife» 
•f rKDSS-^p y^£Sg£U fflttftfrO, frl*J:OC 
•f r2©H^>©^ Py^^6ftficC»llIgSyo yi?<DWtmz& 
Ete&mpayir (T1~T9) *58£-r-6. J^feftf 
r2irai;^Stft*#-r«, ^Dy^Frfl, Fr22. Fr23, 
Fr24. Fr25*>J;tfFr27<h. fflft* f rl,trai;««Ri£:»r 
^Dy^Frl6, Frl7*3J:LKFrl8<ij5*y--r 5 >^fg 

^s§i4^e.^-n-e r nmi~T9±fcm^$ti-5„ rns? 

a y £ ©utragg&tt&TB 3 £/s v^Titt^-r -5. 

• C0 0 5 2] vcoi5«, nmmnm^\z£t)&Mm$i 

^S15_h{CtfcS^-r-5o IVX^MRN (&j£U Nteg/fS 
ft) Sr^-T-5 ; ev 5 iDN^^>^16«. VC015CDfgJg 
^i£ft£ffrftU 1)&>&NST N*»6 1S 

*c) <ntiv> bmw-^wom-t. vcoi5»^Ji^iKft 

=LUN%V>?mz±y h$ns. 

8B17«, ^aPN#£>^16©frftl*l3:£J^8l/ 

•(K- frl) WcttfrfcU 4Bn&58UMI:ttti!>£#& 

««-^fiS»&fflM ffi A V t U TAX B 1 7± K UJ 73 T 5 . 
•[0 0 5 3] **P«#«»ffiffif»|BARi:UT 

a. ^ftN-e©fc«^^ffl-r^o 

•[0 0 5 4] gjfc. «*fc«$H£te»£«17tt, ^831 
y (mK • frl) *»C*#ft;-r**^|;:tt, fflP£5«S 
WM»il:»fl»mKS*)Jl, 

7±icm^b, iMfa»tt««Hi4RtLTii. «■ 

•[0 0 5 5] «8#&fflit&g§18{i. 3S£p{g*t0S#&1Sli5 s 
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#£^#&ffig3MAH<hUTAXB18±(Cffi7j-r-S«, S3 
#§§19«. ^{4ffiJt»S18^e»^»fiffi^MAH^ 
IS|Sg*a# L T&ffigUM«^H £ A'* B 1 9± \Z tH * T -5 . 
«**L3«20tt, firffl^a«#H tc 7 4 )Vi? U > y*& £* 

<9 Z'&m<DD/A£WimWAj]l'>i?fHlZ]EM<tl'. 

mMitmnenizmmteei&mnisrcVtv, *<Dmn.m 
nsnfcitts. D/A^«jg§2i«, ffl^maa52o^ 

6<OtB7jx^ v^^^-^SrM^-T^T^-P^MtC^^ 
^T*. VC015«. «£EiW»«^JC«tr3T«««tt**« 
fWffll;*n3(E>T% D/A^&f§2Ha, A#ffl3ffi203^& 
©ffiTj^-^SrT^P^IlJEfC^&U dCDHJEE^VC 
015«^&ftft!lffll«^(cWl)D-r-5„ VCO15<E>ftfc>0 

»c «iKHflisnttftnrxfEiR«$ffl^^«#», d/ 

20 A&&gg2lJ&>Stt, 7^-P^«»5t^|±J^-r-5. -1>&7 
i-Xg|52 2tt, v-f ^pyp-try-y-^^jt^^tlfc-r 1 

**J£0tj-r«, -f >^7x<XBE22tt, v-f^p^p-fe 

^-f vMTSrT'f ^Dyp-t^+t-zO^^ttSj 
^t, ^JS-T-S^Py 2"N^Tl»S. ^C*5. 0 2(C* 
30 V^Ttt. ^tffCOa^T'Py^S: lffiC^ffi^Py^iCj; 

•[o 0 5 6] &s±<D7ay?mmz£vtiLmmm)i'--7 
tfffii&zti, I^W«iAz:^K)vcoi5cD^jiKft f vo« 

•[0 0 5 7] «Tfc:*#«J&*««|**»fT. 02 1:^ 

«, *2P^JgiSllW^li^&ftf r0^12. 8MHz, 
LtKt$:M77*tC25«=32i:-r^<i:. KM SSUKDHitl 
i^fflfft f r2tt400kHz. »^igl42Wffi^^jSft f rl«12. 

io 5kHzi^:-5„ VC015©«|Rffl«ft f vo*100MHzSa<t 
2jt^E^zLPN*^>^16cD^ftN«8. 000 
8,S<h^O, cnSr2iiftT^-r<i:-eo*ffft«13t^ 
6. 'f>^>'x'('XS|522F«g©»^ftUv?X^223«. 13 
«fWA-XBIl±{r2jt^ftNSrffi^T-5. *^>^16 
tt, ^ P y i7 Sg^f CKtC $n-2>VC015^6©^Py 
y^Oif&ft^^RfS. *C>^16©+-v USS^CA 
tP- KSB?LDt*«««sn. •x-^A73ffl^DTHnx 
BI licit l£$nT43 0 , m^iffl^OP^ <=, «&hftrt^t75ii3 
fif©yN*xBi6±{ctt}73$n^>. *-i7>^i6^y 

3 ^>*^>^ro^^. ttufflw, ^rU^CA^e. 
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mzmm vx?o >*> o > h zmitu LxmmfH^ r i j 

left 'Jffi#S:ai*-r-5t(r»3f!i^S:ll0ig-r. 

1 6# 7 yTTJ -7 >*©:!§£■. +^U«^ 

u s$T'CK / \©7 d y ^fi*»cra»bTm-»i*i**«r i j 
mm l t 7 -7 7** s > h £ h*& l t n-Kftswc* b i i 

•[0 0 5 8] gS#flS»#&*@fg£§§1714, D7U77'- 

vuyfm, i72*=fcy;i75. iiWBm, 2jdS¥s§i74, 

^^H176. Rsyj yzf • ya-y-ynm^±ui7^ 
178**bTt>*. 13flr©7Us/7*- 7 P v 7*171©D2§S 
^Ktt, #£>*16©ft&ft^A*7B16&jiLTA7J 

171Ttt. DS^©A£«^X^KA7j£n-5iS£T 
2±© 7 D y 7Fr22lC<fc 0 **ft Stl. QM^fr €» 13tir 
©AXBm^tttTJ^n-I). 13ffr©7'J 7P->-yi7 

Q«^e>13ffi©A*7B172^ffi7j£n.l?. 13ffr©3l 
*Sgl73«, A*7B171±©ff^<i:A*7B172Jt©fr5tc!;CD 
MSrSXO. 14ffi©/N*XB173{Cfct57j-r^. "f 3|g 

S§173T14. 7'J-yy' yuy7m-um*ikt£tifztiv 
■s5'coit$kft®t, y'Jyy'-yayym-emwtz 

•7 U y 7* • 7D y 7"l72T«*{t$nfc^ >7©ftf£ 

fc#^>*©fH&F*g§T£>.3. A*7B173©ft±&fiT«fiF 
*»Ks/hT*D. 5IJf»173f4» f?W^#LT§lt 

A*7B172±©fa-^£>A*7B171±©fg^£3|fft--5o sn 
&§§17414, *r7>^16^C^^ U*»m**n*:l^fc/X 
^B173±0«#**jE-r*. ±ffigiff»173tt, 

UlTj^n^Bflcfi, #7>7l6©M7^-fe-.y h£ntt£ 
n. 7Uy7*- 7Dy7*172T**fl:$*'lfc#«7>*© 

»Jf»i74fa*^y*tai*siifc«ftc*ijE*-r*. rs 

7 Us; 7*. 7 0y:/177tt. S*H*lcA:&S*l*»IS]6± 
®*->>^16©+vUCA»C«toT-fey hSn. RUSTIC 
A7j^n-S^T4±»7Py7Fr24{CJ:oT'J-fe-y h£ 

n, Q«i : F*>6*si77±ca««^sN6aiA-r*. i3«r 
(D-tuyinm*. s^<cA7j$n-5^j?m^sN^ 

fOj©<i:#tiAJSg^lcA73$tl^l3«T©rOj^Y3Sg^J; 5( 
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0 fflTJ U S«m#SN*tr l j Ot *J4BM^lCA*S*l 
5A*7BIl±©#JI&N£YjiS^J:i9tB7J-r-5. -€-©Y 
& ©W*fB4»tt, A*7B178£igT;tJl]8:g§174©T 
&13ffftCA73$n3. 14«r©iJI«8g 174(4. A7B173© 
«^£B178±©^££Jo|?LT. inJW***/tXB174 
»Cffl7j-f -5. A7B174©fir8:(4. #H;560iJ©:®^ 
t*>y h£#©T9ffffiST&^. ft-if&6, §ISigil73 

\ztmTmgm-$n%<D\t. mmv>£o\z. e^an 

fc'yhf&te. raaST*D, A7B174±©f§-ft(4, ^g: 
3§176T<K=2 5fg£tlfc&, «$Mfc*Jfctt»18KA*a 
9ffir©7'J 2/7*- 7P->7175T(4> A*7B174*> 

SDJB^A^anfcfi^csi^ tcA*an*»T3± 

<D7D^7Fr23»CJ:t)^*{b$n, Qffl^S 9^fr©A• 
7B175'^.tti7J;*n£. Hl*8gl76(4, A*7B175±©«^ 
£K=2 5fgU 3f5»S£^£14flT©A*7B17(Cffi7jT-5. 
3R»»1760««»S. C©*Jfi«©J;3k:K=2 5©« 

•>7 h LTA-7B17±(C{±S73-r-5 C <h1C«fc OSfe^T^ 

*. a7bi7±o«-^av (mmmm&ftiiLmmm) 

•[0 0 5 9] «»teffiittt»18tt, 14fif©3IH§§181« 
*«Pfll^«»tt«fl|*ARK:»«r*/tXBI 
l±©4i'«»N*^n^B17±0«|#fl|#«»{i[«fl|*A 
V$-5lffU, §lfltte*AH*14fff©nAB18tCU*-r 
*. A^B18©«±ffi«ftt. hr*5A«, H«i 

^B#tc^^ b' •> h icgg < ±ffi«f «Dft«f LtS ^Jg^ 

•[0 0 6 0] «#gl9tt. tPj|C»191*J:OCus;x3'192 
Sr#-T*. A*XB18±©SS»ffiffl^Sm^AH©^tf 
htTfi:13tfi©t*^ hi^s, 19fifiD^t§gl91©-73C9 
A7jS8B^©^f«7 h<hTfil3flf©t'^ hizlzAJiZtl 
S. Jn^8§191©m73fl#«. 19fffA*XB191*«T19ffi 
©U^X^192©DSfflTJCA73$n-5. L^->*X^192T(4 

vffi?^(DA73m j %rfcffi?izmi&2n2>m4±<Di7 a 

•y^Fr24!C4:oTQiffl^lce^^tl. 19«fA*XB19tCtH 
/N*7.B19±©«^(4, iDff||19lODfc3 1 O© 

2«. R^ICA73$nS^SIl±©U-fe^ 

-f >^7x-f^a»c*fHr»»««:N*tA*an*a 
izu-fey h$n^>. npjf»i9i*»*-/x-7D--r*pi 

^"-A*-7P-^mggSr|gtt, ^--A' 
-7 P-^tBS^Jn»§§191©ffl73^--A*-7 D-^ 
ffibTU-77^192SrU-tr->' hLTfcAH 0 

•[oo6i] mnmm®2oiz. m&moi. 1^-77^20 

2, 8iJS?§§203. D7'J ^7* • 7P->7204. -£1-7*20 
1 S> IEMftgi206. J0©i§207, -fc b* *208*3«tZ/D 7 >J 
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yZf - 7 ay7209&G UT^5. AXB19±CD&;ffl'glM 

mnunnm^y btrmmwy b<ti4, 24ffisn@ 

fiKA^Sn*. JDfSI^OICOffi^fnfte, 24ffrA*XB 
201*JiiT24«fcr)Uv J X^202cOD^(cA^$n-5. V 
•>*X^202T*«. D<H^'N©A*m*»a«Cj|H i l;:0«SS 
n^>iT5±Oi? D y ^Fr25tCj:oTQffl^»ceS$n. 
24tfiA*XB202{cm*^n^„ A*XB202±CD{g^14, jQg 
8§201cofc-5 lOOA^J^lCA^^n^. W8SI203 
14, A*XB202±O(b-^S:K = 32-CSiJ0. 19firCDAXB203 
iCft^T-So dCDf"J@ffifg«, A*XB202-hcD{i^£T<i 
ffiiJ^5ffi->7 h- LTA*XB2031C*-a-*c:i:lc«tt>TSIS 
^£•5. A*XB203±CQ(t-ft14, 7 U • 7Dy:7204 
©Diffl^ lcA^^n-5. \9ffi<Dy U 7^ • 7Dy:/204 
T14. DfflTA^«#**C^fCtt*&Sn-58IT7±Oi7 
D^i7Frl6(Cd:oTQ^{ce^$n. 19ffir©AXB204 

u-vx^ 20212, m&±<D?uy??Tn 

•y^Frl6*J:^Frl7©^jSSc©KflS-efe*^6, A*XB2 
e4±©^f-^«. A*XB202±©&ffig|^{f-f|-£-Jl»§l/f 
rl(Cfr/toT¥*^fcL;tfc©<b&<g>. A*XB204±©m^ 
14, -fe^^^205©BS^ICA^$n-5. -fe^^^206CD 
AffiTICte. A'XB19±rofifflg§M^H^fiSA^$ 
n^o 19tif«-feU-^^205(i. SflB^FfcHJjpStl*«lSI2 
±©S*?^ST*HOj©<!:#ttA«g^A*^*YSS^ 

tmSTtfi r l j «o t * 14 B SfA^jg^ «• Y SB^f 6 {£« 

KS«*0 £UT19tifAC*B205fc:ttMrr*. /fXB18#> 
SA*XB2053:T©m#$!Wll4-fflCQ7 ; -i' 
ffig-e^^., tot, *«S«fiW©*fi!EttT?t>J:H. A 
XB205_tCDfa#{4, iE*fl;»206K:A*Sn*. £©IE 

«ft:«206oift*tt. xtimmzMLxmrnrnm^n 

H. ^^m^m^-<£:D/A^g|g§21«A^tefflflSrt(C^ 

fc'j/ KiTfi:2ffifB^e.l6ffiaS-r&16*ffnxB206(CtB 
AXB206©fI^14, 16ffii)D^§§207OD— ^«A 
^STf-KA^ 3**15. Jng8g207©ffi;£©A*S8 ; f-lC 
14, 16«rnxBI2*»6»«ftNK:»*UfeaaJEcai»itf[ 
«i«*A*Sns. Jn»Sg20714, Un»tt«5&16*ffAXB2 
07±(CtB^-r^,„ "fe 1^*208© A A^SSmctt, ^T6 
±©/7 o y ^Fr27**A*S*l, B Atlffi^zmi±<Di7 
Oy^Frl7*«A*$n*. -fe U-^ £-20814, SSg^KA 
**n««SI2WS««^ST*U0j©t€r«ASS^AA 

©t*ttB*^A*«<»*Y*^6*S208±K:ifl*"r 
-5. I6tfr7 V y? ■ y ay -72091*. AXB207^ 6 D2§i 

?»CA*$nfc^S:i»S208*»eC«g^tCA^Snfc^ 
Dy^lC«fc^TSSI*:Yt:LTQ«g^e>16«fCOy^B20 

•[0 0 6 2] 16tfrD/A^&|§2114, AXB20±©A;*J 5 
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*. £©«EE14, VCOl5<8H«RIW»«^K:l?jta<*tt 
*. d®«EECJ:DVCO150fl&ft;0<£fl:U 
ffiJt«»18©m*&-«»|l/f rlJCt)fcoTffl«-Ufc 

«s a«« k & s j: 3 ic ft ffl ajp- -fifimai sn*. n 
JW;u-y©HJ(l35l&*&©vcoi5©38ffiJfift» f vote 

•[0 0 6 3] 

•H&2] f vo=N • f rl m.2) 
io -f^7H"7 SB2214B: $q A# /M5Uttl # U ->*X * 22 
1, 7 Kl/XT f a-^222> #H8gcl/vX*223, SJWM 
1/vX^224, ^-f vl/vX^225*3«k^-f V226S:^r 
l/T^5. V-f ^D^D -fey •#-;&> Sf4, ^Dy^DCLK, 
fi^Jx-^DATA. 2 f7 h©T H UXADRO • ADRliSitf 
7y^^<yMEffl5 0©«tAi, mu M2, M3. M4 
*3 «fc tfM5 * ^ L T-f > * 7 x -f X g&2 2 »C ^n-^n A *f $ 
41 -5. 16tfr(DB^JA#/3£^Jffl^^X^221te, 
7^-^ DATA 5-^ □ s/ ?DCLK©tClx9 j^TM^-;? <b 
bTA*XB221±tcHi^-r-5. 7 h* WX^:J-y22214, 
20 7 H U X ADRO Tfi t* h. ADRl*±tttfy hiLTf 
3- h*L^ 7 FUX^rOjOt^JC^-y^-f ^-fyjULE 
S:l8S2221±tC, T K l^X*U 1 ](Dt&\Z7 y ^-f 
•/;HE^S2222±IC. 7 V UXfiV 2 }<Dii&lZ7 y? 
-f y;HE**S2223±k:, T KkX*U3j03t^(C 

L-T^S2224±tCti}^-r^. 13fif©^illSL-> 5 X^223 
14, A-XB221±OTM3?iJ7 ; -^^S2221±(D^y^'f * 

S2224±(DX^- h-f*-f ^SElCkoTA'XBIlilCffi 
30 16tff»?jOWM^>'X^224«, A'XB221±0D5 :: 

-5> €:^S2222± <D =? y ^;HEIC«t 0 % K> 

^MJU^-^JcjEftUfcft, ^S2224-h®X^-h-f^ 
-f ^SElC=k-3TAXBI2±1cai^-r-5. 5"fYl/yX 
^22514, A*XB221±©t ; - ^ £iglS2223±<Z> 7 y ^-f ^ 

-f ^;^LEtcJ:o^OJi^TA*xB225±tc^±i*-r -5. *-f 

V226«, ^S2224±©X^- h<4--T ^;PSEfC«fc 0 Uir 
yh^tlfc^. «8T9±O^Py^Frl8©^JS*|8^b, 

^v>m. msn±(zioi<DM&.mmvitm73-Tz>. *i 

v226«fMS:M*V\*XB225±C5^-^i:-i!ft- •&<!:, ^ 
10 -f T22614, IHS^f?±L, rijeoS^ffi^-ST^g-ty 
•h^n^^-em^f -5. i»S2224±©X^- h-f 

*<y;PSE14^SIl±{C-f =Lis*n>V1*y MRiUXtB 

•[0 0 6 4] ^Tic:, m 2 ic^-TSI^jroiiij^^s 3 CO 
# f r0$r6. 4MHz, »ffl»L, K&^tfNZ^tl^n 8 , 

e. ioo2it5. une^e, ^^§§i2com^^ft 

f r214800kHz. #JlSgl3c9tB2r/ii£|&: f rl14100kHz. 
J VC012W^iiil^Sf vo14100. 2MHz<hft£. CCOBf, 
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N/K=1002/8=125. 25ife*. B3lz^t^ 

rt*K£*£<K£LTH*LT**. 0 3CD(1), (2), 

frZ&m-tjT'&Z. ««*frO* f T2&<kZ£f r\<Dm^ 
**LT^5, H3(ctt, Httftf r2cDjg^^S£pfCb 
T-fl)HI»:l)(l7D7 h##t0^tl3<OE^*ftl,T 
^IT^§, f r2<Z>— HSBfctt, J^&f&frOO/N 0 

<4)-(9)»4, ^-f 5>y«*»14S*6©U*fl|^T 
&£k i? Uyt7 ¥r2L Fr22, Fr23, Fr24, Fr2543J:^Fr 
27 £ttS*Dy*<0«»ftf4, fr2£^L<, 

*-<0IE/WX*lf4, f rO/WXCD«fc»l,t,* it^ 6 57 
d yt?YxTk<r> X *4 f rOAVUX cd/\°;1/X fc^ L 

ViXffigJc/t;UX^fe-5 d £ £^rTo El 3 CD (10) ~ (12) 
tt, 27Dy£7Frl6, Frl7, Frl84^T. ^nS^Dy* 
OHiftRtt f rlt*U<, *©iEA;PXW4f rO/t^X 
^DBt^L/Vii-TS. 03T&4, 2Uy2Yx\^ Frl7> 
Frl8»4XD^ HS#t3, tlIfc^;i/X***0, fruyitY 20 
rlX^Xte: f rO/^X©/t;PX#^C!>ft*JC*LViXtt 

*C\ @K^Dy^## (17^20) ***#<tt*t, ±|BX 
# < T -5 d t \Z J: o T ^ a >y ^7 0D{£ ffl £ Jfi^il £ it 

•[0 0 6 5] B3 <0'<13) - (18) »4, III 1 <7Mi*§[^#J;U- * 

3c2 

2 jt : 1 0 0 0, K=8, N= 1002 
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*^WJHUT^*t#Oft»©ffl**jS»Sfc»4*<tjSl 
'eiLT^S. 03CD(13)*4. 7y^* AC7>^i6o^ 
1r«JHMjCA*«U 0 3£>(14H4, 7Vy?-yu»j? 
177CDQaj#£^To H3©(15)-(18)f4, -tn-Ptl? 
Uy^-7Py^l7K 172, 175*<ktfU>?**192<&Q 

I713W, ^Dy^Fr22JC£oTXPy h tl~t8TA*XB16 
±(D^^>^16coiSffiSl-S8^^*{bUfc<?:<£^-r^> 
fc, *OU*S:d7D!y^Fr2nc«koT«*{fc-r-57U y 
!/• ^p^7 p 172cDm^^0 3(D(16)<7)ci:p{C^^o 0 
«©(17)»4, 7Uy^' 7Py7 r 171©a^67'Jy 
!/ • 7ny7 r l72(Oa**5IJS«173T§l^fcltlc^rv U 
*liES:Jpffgl74Tff^ofc«[*^Pu/^Fr23fCd:oT 
7'J7^«7P7 7 r 175**«*ft; U&«MM1-H>8«:* 
^To d<00!ITtt* U W#CA#XDy M4£tl2THi 

n. -bu^^i78*s»4, »H»N=ioo2*tm*an-5 

COT, XPyM4> tl2»C*W-*7U • 7 7^175 
OtH*D4tD124:»4*ir U^WJEStl&tfta:*. 51* 
«18l0>Utt7l4, »«RN = 1002^67>J 7^- 7D^ 
!/175©m**K=8ffiFLfc«Sg|^fc|ttaa. #Jx. 

tf, g2i:^tAHiOct3l:&s 9 

•[0 0 6 6] 







1 


2 


3 


4 


5 


6 


7 


8 


ill A a 


125 


250 


375 


501 


626 


751 


876 


1002 


«*<b»5h Di 


125 


125 


125 


126 


125 


125 


125 


126 


asHsttt avi 


1000 


1000 


1000 


1008 


1000 


1000 


1000 


1008 




1002 


1002 


1002 


1002 


1002 


1002 


1002 


1002 




-2 


-2 


-2 


-H5 


-2 


-2 


-2 


+6 


tt«IK£ Hii 


0 


-2 


-4 


+2 


0 


-2 


-4 


+2 




+2 


0 


-2 


+4 


+2 


0 


-2 


+4 




+4 


t2 


0 




+4 


+2 


0 






-2 


-4 


-6 


0 


-2 


-4 


-6 


0 



•[0 0 6 7] U$>X2M92tt, §lff§§181©tij;fj£^ n y 
^Fr25«(cffi#Lfcfii£tii;>jT *. #ffl»cNj&« 

Kt^&f&iii^ffift $nt v c o l5©^jS|gcttift < & 
<0, VC015©ffl»*k*«i(S<J4*t«»(feffltfctt»i8^ 

^i92*«fct«n»»i9n7»*iioj|[$n. feffi^^a, 
B^ft k j; o t * s m <d mm Tjg s <m t & « . 

•[0 0 6 8] 0 2 fC^fSliS^JlCiJIrsT, »^»N*ijBr 
IxUffltCig^Sn-Si, 94 v226cotB^m^ST«fOj 



50 



t&0. -trU^^205tt. AJi^A^WtYJH^j^S 
t LT19|RAXB205KUi*U, AXB19 

«*«a82otc*t>T«»atiTffl*sn*o 
ftifit-. sfcfett8B<t/4a. u±<Dmmz, T-ru^y^ 



(13) 
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HWiciEsaT*^. jet. m^mmooy ^ frvmis. 

•[0 0 6 9] 02lC^-r*iS^J1C*5^T. $>Z>ft 

fl*NT?AXBI2±©tB»lii0 i*«*0«*lcffl[«ra»i*« 
Si5ilxfc<!:^«)iEMfbi§206cOti3^ffl^6lo<i:-r-5. # 

•[0 0 7 0] B2K*f*««1=*«r»T, 

*£\ 3®£-#lig&Nti4Nt=c • Mt&5. 

Steffi A RibTMSrSffl-r-S^^tt. tyaDM*^ 

• • f vo=|P2 • S + Pl • (M-S)) 

•[0 0 7 4] * 

N=P2 • S + Pl • (M-S)=C 

c;t, Pi£P2<DWflM4, ★ 

•[0 0 7 5] ★ 

P 1= C • P. P2=C • 

■^i&D. P«2«p^$fe1ilO©p^. C14PlC*fj£L 

T2it«c*>i oai*r***»i KB****!* eta** 

fgffi/l&&£^A-5l;:l4^&< £: fc#Jf f£M. SOD 
— 2f£^*.Trr;ft3<> C<DH^JT«, P 1 = 128, P2 
= 129. C=lit5. 

•[0 0 7 6] JS&»->>-t+r-f-tr'30tt, Sip^JggilK 
2 n v t> 5££.mU. VC015. - •JVTs'r 

-731. • #?>^32, ^-Y > • ^jC7>^33, 

«*{fc**Mfc«5B£«17. «&#ffcffiJttfcf§18, «#§§1 
9. ^&a!W20fc<fctfD/A&&Sg21£*LT^.S. 40 
04lC^mJSCT(C*3l.iT. 0 2 (c^m^Jtl^i;^ 

nZtfVT^Z. S^lg§ill<!:^D^/r^^gl5 

^fSo VC015©ffl*>ft^14. ^UXv— ^31CDCK^ 
(CA^^n^o ^'JX^-^lte. #^38:Pl<i:P2,i:£ 

ikn-ystrnm^n^. :7u;*.^--53ii4, -e©g#?$ 
*m-i\±.\z\tilrtz>. ^S3i±co»^ii7D->i7CPtt, x so 
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*-[oo7i] fc&B2tcsR-r^i£0yic*5^T\ ; 

gg. VCO*5<*:tfD/Ag!&§§£|5§K&/-?- H4. iftffl 
©ECL'f'CMOS^TTLPy'vi' I C&m^T&m 

\z® sbzwt, wttmzmm&myn^yv 
& e &m t» t v ^ h ^ x 7 tc «t s mm&m \z «t o t*^ 

««©*«S*S11!B£Cfct>W&jG>T**. *&. 

V C 0O«ftS»Tfti^fi*?«R!< ^T©«iaE»* 
s-t yj -> y ^ S«±K 1 y ^A^fcTt* 5 z.t*>w 

•[0 0 7 2] 0 414. ?ISE»»»«fc2 ; E5?3.7X • 7 
U7.y-7£^/ti§^©fl;ffi#J£^LT^-5. VCO 

*#H*f > • ^^s^*-r^^i^»ii 

5£W^#Jf ^-lIStCffl^'E.ns (##;£i§K:V. Manassew 
itscb. "Frequency Synthesizers Theory and Design", p 
p. 355-362. John Wiley & Sons, New York. 1976). Z\<D 

•frl TB3R3t<t-&. 

•[0 0 7 3] 

•(S3] 



• f rl = N • 
C*4] 
(PM+ S) 
[*5] 



f rl 



(«C3) 



<»4) 



(P+D (R5) 

in-tiOytrZlE*^ >*^>^33<h©CK«^tcA* 
Sn«. 0!l*.14\ 04H*5^T, fvo=lGHz*lS. fr 
6=12. 8MHz. L=32. K = 32<fr-&t. ±JBR3©N14 
80. OOOgftt&S. P^m-Cfc-SODTdCDJ*^. 

•>^32. 33©ey h»iifn?n7. loe-^ ht^-s. 

AXBIl±©*M(RN©Ttt7«r(S) 147.7 D-#^> 
*32!C, ^©iftlOffi (M) 14*-f >*>7>^33ICDT«^ 
A»6AA3h«. **>*32tt, »ISS SfrRUfiSfc 
* -CCAM^ 6«S32±»cHJ*"r *»H»a««#M) 
1CioTyjX^--531©»J13&$-P2ICia«L,, t<D 
«*->>^33t>BII^fc«-»*fT«c-3T^*. *^7>^32 
©»W«l7t4i. ^S32±cD^«m^MDlCJ;oTy 
UXv— 731©»^R14, Pl#tSft£n. -^0^*7 
•>^33CD*.*t?HSS:MrTT^. *7>^33^*. #JigcM 

©m-»*»7-r*t, cA«^6i»s33±»=ffl*"r**. 

V >J^»C«fc 0*7>^32. 33ic-?-n-?-*n^^:s. M 

$:SaDT«7^^A^T-5. fni^l;. 

310D»^&14P2^SK$nT*^>^32*5J:^3314igr 
felCiflSS-Bg^-r-5. *>7>^320ffHS:i*3^14. iffi^QO 
~Q6^eA*7.B321Cffi^$n-S. *^7>^3305&MSl^^ 



(14) 
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tt. iS^Q0~Q9^e./N*^B3HCffi^$n-2)o /N'XB16±Tr 
KATjSns. ^S33±CO^-v'J«^ti. 7'Jy^-7 

30cD«fiEs^ttn 2 izTK-f&mmoffiismmtm c-v$> 

ft. fib, 0 2J;O»ili5:N©fy hlS^4 f-y higft] 
l/tlr^CT, (Hl?SyPu/^17~19rtC0^t*-y hiasss 
Ift, 088 :7*P y >? 201*1 WimS§g*201~205*5i^A*X 
©b'y b!£rt*4 k'y httATI^ft, D/A^&Sg21©fc: 

4©N*m>fc*fctt, **Yb*»ffl:ffi*flfeiii7f*3eD* 
»Si76C;&w*jeRttCKT*.B. £*P«#{g&ttiB 

ARiI/T*4*6#^N/C61l>ft*4tt, «f:£ 
<fc«»fi:«»*»17l*3<0*JMgl76K:*WajeftfaKT 

»C=koTM#{b2nft,r<h£|S§H:>T> H2JC*"r*16« 

•C0 0 7 7] ElSte, 2 . ^ 

14, VC015, 2*i>a.97>--7VXjr-5iU X7D 
-•*^>^32, > • #»>>^33. yiJX^r-^ii 
*H£ffiJg£tt37. ^»fifiit^§§18, ffi#5§19. «*MS 
3ffi»20*J:^D/A«lft»21S*rUTt»*. £#©fi|ja 

fcftfr-aT. :/y*^-7*#ffi«B£tt37&fl!tr»*£Jl 

«. -feU^^371. 2raS§§372, U-^A*373, 

•• 7ny:/374;6J:EX*JH§375£3rl,TV>*. 8fiftU 

^^371©AA*SB^fctt»»«:Pl. BA7j3aimc»# 

£n<5. •fePi'^371©Ytt}*jg^>6tt, ^ARIK - 

IC*f^Lfe^^8fiTA*XB371±ICfiB73$n-5„ AA 
B37 1 ±© ft ^ « 1 3«rJ0ff§g3 7 2© T<£ 8 ffir IZ A 77 $ tl 
ft. fin»H372cojJDSm7J«, I3«f©AAB372*«T13 
ffi^^^373ODA7J«^CA77$tlft 0 1/^X^373 
ODAA«ffl^tt. CS*FK:Aa3ttSi6S31±©* 
P y ^CPK .fcoTQSSmHSjfSn, 13*frA*AB373K:tH 
7j$n^>„ /"?XB373±©«^ttlpJf»3720fe5— 3«0 
A # Same A 73 $n -5. A*AB373±©fg-^tt, 13 
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lCA73$nftmi±©^Py^Fr2UC«fcoTQ^Jce 
ji£n, 13tirA*AB374lCffi7j$nft. £©^Py^Fr2l 
Wytjy?- 7P-y7 p 374tCA73$nfc^ > -tU*^373 
tt, R«S J f-tCA7J$*lft«T2±©^P<yi'Fr22fC«t-3T 
'JtyhSns. £©*§*, A*XB374±©{t-Sf«. ;U 
B371±©{g-%£:7 p y i/CP»C«t oTW 1 / f rZIRUMfl 
L/tflttftft. *HSS^JT'«, £Py^CP©J3i£Rtt8M 
Hz§5T&D, Jl&R f r2«400kJlzT&.5©-e, SDfit§g37 
2t U^X*373©fliRttl3ffir&fc*. *ff»375tt/'?XB 
10 374±©«4tKK=2 5fcjRJB:u *fflt*«18ffi;t^B3 
HztHtlt ft. *JSt»375©*flttA*AB374±©±{i's 5 
«r>7 hbXA*XB37{cm73-rft-i:(C e tO^T# 
ft. ^XB37±©«#fl}*«»ffi«fl|aBAVtt«»ffi* 

•[0 0 7 8] ZWmmm-Zit. SttWflMHfcflARd: 
L-TR4tC^TN£ffl^ft. -kbi7 5'371©Ajffi^, B 
SsmcATjSnftPh P2©ftte0fc. J ttL-etlPl/ 
C. P2/C*ffl^fc*^fi, «¥<|^MffiARi 

20 ttft*R£ CK.fr ft. 

•[0 0 7 9] B5fc*r^U*$r— 5«#teffi*i|:«37 

17tikttLTiaiS««3&*d>«tt>CltT**. Tfcto-fe, 
H4 l:^f*i6««f ©**{b»»«t«*ak8B17tefi^T 

**ftifi»*«-3fcai, *+u*tjE-r*»a-at, Elsie 

wc"T *Jfi0«Ttt, inff§§372 1 b $>A ? 373^ 6 ft 

^ft. LS Iiatt«!}BK«1ifitt&«MK 

©(Si«©5S**tJfeS. 

'o -[o o 8 o] et±ffli2, m4&£.-amsiz7K-fgmm 

fC*^T, VC015©«iBJt!*»f vot*qsjB-^ny 

^©^fel^ f rli©|8fiUa, 

•f vo= (N/K) • K • f rl (|S 5) 

©ftc«t(c«t-3TSi«$n^^. no*!*. 

«»18©ai**ffijft©-»JBi 1 / f rllC^fcoTffl^b 

fc«»»i9©ui77tt, «2(c^-r«fcpfc^<t^^>„ r«e 

*?! H 7l©m2©ee<)Sr^fig-rftC:t^T^.2.. 

' '[0 0 8 1] leu ii iz7ji-rmmvi&mMmi%&£_ 

Si5 1 6 £ U T pj^^ t 1 y T'Sffi N s ^^-T ft ftfiiHf9%ii 

«*fflv»fc»^©*jfi«T*«. «a«c-»-t-y-rif4o 

tt. ^ P y ^38^3514, VC015, 

fflit!^ggl8, fi3^§§19, 'fi^MSg|52043J:DCD/Aa:^ 
»21**bT^«. (Rllliecsja. 7 f UX^-^41i:|gcfii 
<M«l9Bfi8itt^ffi»^8M7 1 *»lr»TH 2 ©I^SSCT £ 

14^^-Tft §ffl^7 P y i7 ©^&|gC«0 2 <h |Q C £? 

ft. »»*Ct«-r*^iJ^4r-54ni, ^jgg(fvo$ 



(15) 
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•[oo8 2] mmfflffl&mmt, XTvJ&mNszft 
mt> ny?c?iz£-DT-mm i / f niBHR«r*»fp* 

Ns=N/ [ ( f vo/C) 
ftoT. VC015O«S»*ftf vo£^;L3fCl4, ±12 

H3i£»f vo141GHz. ^^ISCt±64. Mftftf rl1412. 5kH 
ittat. «6fC^-r»S©ffi«1250<!:^:5. 
If, N = 1250X 2 20 thf •£<!:, Ns= 2 20£fc.5„ 

-s. i^u 0 6 ic^t§usw4, 0 5 \ziji-rmffim<D 

«»ffi«**«47K:«koT«»ffiffl**«>*. 
•[0 0 8 4] ft4t«MaJK8tt#tt4B5B£aM7tt. inff 
88471, U5?x*472, yijy? • 7D v:/473*J:OC* 
JHM74SWUTH*. -f >*7x-f X«22)&*S©AXB 
Il±©20|ff»^ffiNs«26ffiSnffg§47lcoTfi201S(CA* 
en*. SP©§g471C5ftl#ai^tt26tfi©^N*XB471$-^T 
l^v J X^472©DA^^{CA^en-5 <> 2ffil>i?X*4 
72©DA^7fflTm^-tt, C«mcA2jSna»S41.h© 
Jas/^CPfci^TQWflcfiian, 26tfTA*XB472fC 
tH#i*n*. AXB472±©fi^14, flnJff§471CDfc?- 
^©AaSSBMCAASn*. AXB472-bC0ff^ 
14, 2Mff7Uv^- 7Py7473WDSg^{CA*$n, 
CS^ICA^en*^Tl±G3^D-y^F r 2 1 1C<fcoT 
QJsS^fC-gjif £n, 2 6fif/N*XB473(Cttl^en*. CCO 
i^Py ^Fr21**7 >) yy° • 7 P >y 7473 1C A # $nfc 
ft. -fcU**472tt. R«TlCA*en*^T2Ji0D^P 
•>^Fr22fC«koTU-fe>> h$ns„ A*XB473 
±©fg*§-14> ^P-y£CPlC«fc-3Tg:fflNs£jm8l/f r 
2K^«Lfc{gi^:5. **lfi«T»4. ^Py^CPCD^I 
«|gc«16MHz^-CabD. «tf r214400kHzT&-3OD 

ttff»471£U3>X*472©*rJ*tt26«f£fc*. SHE 
§§47414. AXB473-t©«*fcK=2 5t*j*u 

*«31«f;tXB47lca*-r«. lgflC§§474©a^«, A*X 
B473±(0±{4's5fff->7 h bTA*XB47tCffi^-r-5Ci: 
(CckD*^T^*o A-^B47±©«g#m#«S»{ifl[ffi«ffi 

•[0 0 8 5] £©*i£0iJT14, S2p«^»f4fflARi 
OT»4^S«BH;fcN=1250x 2 ZO&ffl gJpd-ff 
^fiffiARtLTN/'K = 1250x 2 I5$ffl(,^jg^ 
14. ±8B*Jfi«©*JJ»474«r*>S-r-&c:i*«T?**. 

a»(a[ffiit«»i8^6m*an*jttt«jfi3ftj. & 

-5. SIC, ^rov^xATSf^en^S^t^MlcSo* 
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N s 14!& 6 1C «fc o T#>L t> n-5 . 
•[0 0 8 3] 
•[»6] 
(1/frl) ] (&6) 

^^J-C«, flSJAIf, A*XB18©k*y MSS:20flit U 

•[0086] 06 IC^T^JS0>JT14. £iAC=l, f 
10 :/yx^-^41rtV\^AX£nfc*-&Tfc. m 

KScfvofltn • frl (&j£U nlig^lS) 

*6«tDXT-y7*ftttNstt— «»c#aE*t& 
0, #f8B§STtt*-fr&(A. "f *fgHJ©aS3© 
SWSr^-r-Sdidfp^^li. Uri^L, 06lC^-f#l 
JS«SJ**2(s:^K(D^ 1 iickDCfg 2 © C £ 

14, 02. 0 4 43cktf0 5 (C^-rmg^JilHlDTS*. 
•[0 0 8 7] a±©HJ6«t*W*«|j«B3R|5||S©ify 
■hgfc, 0!I*J4\ ^•i'>^iD/A^§ii:COfc:*y 
#38 1c J: * H v > -fc -y-f if^ j@ ffl -T -5 ~> X y A 1c 
#c#LTft5£-r^£*>©T&9, gygtfil© k* y h&tt— 
Wfc-Ttffc^. Sfc. HiS^JlC*31t-5S?ff14 2ji^» 

•[0 0 8 8] o£*tc, fflfSS£H1c#fS911C«k S J3ifc»-> 

•[0 0 8 9] 07 IC^-Tilfigfi 5 0 14. iWxB©JI38ti&; 
•>>-b-y-fif 3 0 «ilfe»'»-tU-fif3 0*»6©« 
««**fc£fclxT««Si8«?-*aiflr»5 0 1 t. R 
&»->>-fe-y-f tf 3 0*>6O»«fl|^*t>ttcUxflMi 
€rSte-T*S«g|5 5 0 2 i. MIB2gSflri»£0flrffi®8 

BB5 0 3iSr<lA* o M«*3«fc^SmiCffifflT-5 
•r>^^-5 0 5t, Mf^tgff^t^^tfsfc 
a6ro»iStii5 0 4 ££2 e.lc<iA*„ SBfMfllflS5 0 3 
14, mfj^cov-f ^PT/p-tr-v-y-S:-^, ^®fS->>-t-9- 

•314. i6M!lc«i;T3!«W5 0 1 *5J:tfg<f SB 5 0 2© 

-f x <&^ti'. it^gu 501 *5 &zfi&m 5 o 2 (4, -en 
•^n, ^Kis->>-fe-y-'f -y-*3 o^e,c9^tg«-^tcsEo 

•[0 0 9 0] *58Mk:«fc*«tt»C'»-fc-y-f tffi. 

^1C«tni4, idSSAttftfDS^tt^&O. ^&fS«)# 
^il^^iK©:->>-t-y-i--y ! $ 2 ^363«JlcaaitT3g5ica 



30 



40 



(16) 
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•CO 0 9 1] 3;fc. *&W\Zj:2>ffltii%t.is>±-Q-fV 

Sr . auessfc if co#ffl&eic affl -et? s c t a g hj-? 

-So 

•[0 0 9 2] £<=>{;:. *5£Bj{cin«, J3i£g&->>-t:-tf- 
-f IfW^eB^^x^ v^UhJSST&O. iLSHt, £ 
fete. VCOSr^^fegB»©L S Hba<i5Jf£T<&-5„ ft 

•[0 0 9 3] 

i>T>7i)m<tf.2>fzit>\Z, lsIS&M«i£/M£<-C#.52a 

&tt&mz z. t 0 %ffl2ti-r\z&mm^<D~mmm 

\ZfrtzZ>¥-i$m$m}itZZ><D-Q. IE«tT£j£&Ji&gc£: 

■[mmommttrnwi 

•[0 1 ] *^^cos*ii^$:*-r*^«sjt?*-5^&s-> 
v-ir-iM -y-'co^figy p •> ^ 0,, 

•[02] *^sjo-|g^j-e*^2ji*'i7>^$fflv^c 
^ -> >-triM -tf cDiugs^ □ v z m. 

•[03] 02©Hig^JlC*3tt-5t!;^$:gtt§g-r-5fe^0 o * 
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30 

£0. 

•[05] *fg^<Dffi<D*6S0yT&-5 2^v;r77. • yu 

*dr- 7 i/>fe^&ic-> >-t-y-'f -y-*©gi5»iHiss^*p •> 
£0. 

•[06] *%w<Dm<D$£M&n?$>z>$kMMffl5£M®&m 

Hfc^ffi&->>-telM If CDg&#|sJS§:7*P y 2 0„ 
•[07] ^»jimgfi{c*^QJ(cj;-&^&^>'>-tr-y-'f 

•[^©taw 

10 • 30 • 40 - •^&IS->>-t1t'rt) i , ll-g«fifgtl§§. 13 
-S£gm^»[iffl^^g|5. M-^-fS^SS^as, 15 

SgB. 31- 2t^a77 • 32-7. -7P- 

••*^>^, 33 -*-f > • XV>9. 
v. 171 • 172 • 175 • 204 • 209 • 374 • 473-D 7 <J y^" 
••^n-^, 192 - 202 - 373 - 472- . 174-191 

•• 201 • 207 • 372 • 471-Jnligg. 173 • 181-3l£3f:gi, 
176 • 375 • 474-^ffgg. 203-fJiS§§, 178 • 205 • 208 
"371— fcl^*, 177-RS7'Jy^ • 7D7^ 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the equipment using the frequency synthesizer and it 
for which the phase-locked loop was used. It is related with the technique and construction of the 
frequency synthesizer suitable for a migration communication device with required changing a 
communication link frequency to a high speed especially. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment using the frequency synthesizer and it 
for which the phase-locked loop was used. It is related with the technique and construction of the 
frequency synthesizer suitable for a migration communication device with required changing a 
communication link frequency to a high speed especially. 
[0002] 

[Description of the Prior Art] Various kinds of approaches are learned (reference: V.Manassewitsch, 
"Frequency Synthesizers Theory and Design", pp. 1-39, John Wiley& Sons, New York, 1976), and, as 
for the construction of a frequency synthesizer, the construction using a phase-locked loop is especially 
used well by development of an integrated circuit. In the migration communication device which has 
many communication channels, a phase-locked loop is constituted using a voltage controlled oscillator 
(VCO is called hereafter), a variable divider, and a crystal oscillator, the number of dividing of a 
variable divider is chosen, and a required communication channel frequency is generated. After a phase 
comparator's comparing the phase of the signal which carried out dividing of the output signal of VCO 
by the variable divider, and the reference signal generated from the crystal-oscillator output signal and 
integrating with the comparison result of an analog value with a filter, it is impressed by the frequency 
control terminal of VCO. Since harmonic content etc. is contained in this phase comparison result, in 
order to remove these components, it is necessary to enlarge the integration time constant of the above- 
mentioned filter. The capacity value of the capacitor which constitutes a filter especially becomes 
comparatively large. For this reason, if the number of dividing of a variable divider tends to be changed 
and it is going to change a communication channel frequency, since the charge and discharge of a 
capacitor will take time amount, there is a problem that a frequency cannot be changed to a high speed. 
[0003] Since the above-mentioned problem will arise if a phase comparator output is outputted with an 
analog value, the construction of the frequency synthesizer which solves this is proposed (reference: 
Kajiwara, PLL synthesizer" in which the Nakagawa "high-speed frequency hopping is possible, the 
Institute of Electronics, Information and Communication Engineers paper magazine, B-II, Vol J73-B-II, 
No. 2, pp.95 February, 1990 [ -102 or ]). This proposal method is called a numerical phase-comparison 
direct-current-ized frequency synthesizer method here. Shortening of frequency switching time is in 
drawing by making a filter unnecessary by this conventional technique's performing the phase 
comparison itself by math-processing processing, and removing the harmonic content contained in a 
comparison result by the simple operation. In this frequency synthesizer, it is made to increase every 
[ K ] and the topology of the reference signal which has a period T is inputted into a phase comparator at 
every periodic T/K (K is an integer) as 2pi / a steer step waveform reset to every period T. On the other 
hand, dividing of the output signal of VCO is carried out by the modulo N counter of the number N of 
integer dividing, and after the content of the counter is normalized by 2 pi/N, it is inputted into a phase 
comparator for every periodic T/K as topology. Numerical subtraction is carried out and two topology 
inputted into the phase comparator is outputted from a phase comparator. If the initial phase of both 
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topology is not in agreement even if the frequency of two signals inputted into a phase comparator is in 
agreement at this time, the jump of **2pi will arise in a phase comparator output. With a phase 
correction vessel, a phase compound value is direct-current-ized by doing 2pi shift of one side of the 
both sides of this jump. In this direct-current-ized actuation, the mathematics operation of a bottom type 
is carried out to the output E of a phase comparator, and the direct-current-ized phase error E is searched 
for. 

[0004] E'=mod{(E+3pi) 2pi}-pi - here, mod {A, B} shows the remainder when **(ing) A by B. After at 
least this direct-current-ization changes a phase compound value into an analog value with a D/A 
converter, it is impressed by the frequency control terminal of VCO. If the VCO oscillation frequency 
fV sets a reference signal frequency to fr 1 at this time, it will become one bottom type. 
[0005] 

[Equation 1] fV=(N/K)- (K-frl) (several 1) In this way, since the phase compound value is direct- 
current-ized, a filter becomes unnecessary and the high-speed frequency change of it is attained. 
Moreover, a high-speed change is attained, so that sampling-frequency K-frl is so high that K is large. 
[0006] 

[Problem(s) to be Solved by the Invention] In the above-mentioned existing numerical phase- 
comparison direct-current-ized frequency synthesizer, there is the 1st problem that the circuit magnitude 
of the phase correction machine which direct-current-izes the output of a phase comparator is large. 
[0007] Moreover, in one above of a numerical phase-comparison direct-current-ized frequency 
synthesizer, if the content of the modulo N counter is sampled for every periodic T/K when N/K is not 
an integer, the phase error by the fraction omission of N/K will occur. Therefore, there is the 2nd 
problem that a generating frequency is not thoroughly in agreement with a predetermined frequency. For 
example, the constant A by which K is equivalent to 8 and N is equivalent to 1002 and 2pi sets to 1000. 
In this case, the normalization phase value Vi, the reference signal phase value Ri, and the phase error 
Hi which carried out the multiplication of constant A/N and normalized it to the sampling value Ci (i=l- 
8) of a modulo N counter become as it is shown in a table 1. 
[0008] 
[A table 1] 

«1 

2 n : 1 0 0 0. K=8. N= 1 0 0 2 
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500 
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1000 


fltfflft& Hi 


-0.25 


-0.50 


-0.75 


0.0 


-0.25 


-0.50 


-0.75 


0.0 



[0009] The condition of saying that it does not become zero for every sampling, and a round term 
average phase error of the phase error Hi does not become zero, either generates the phase error Hi of 
the reference signal phase value Ri and the normalization phase value Vi. Although the normalization 
phase value Vi and the phase error Hi are closed by the 2nd place below decimal point and it has 
displayed in a table 1 in order to simplify a display, the above-mentioned condition is a problem 
produced even if the infinity word length expresses them. Therefore, in the frequency synthesizer of this 
method, when N/K is except an integer, there is a problem that an exact frequency cannot be generated. 
[0010] When carrying out dividing of the RF signal, the prescaler of the number P of dividing may be 
inserted before a variable divider for frequency reduction, but at this time, generally, since it is not equal 
to K, P has the problem of the same fraction generating as the above. 

[001 1] Moreover, in the above-mentioned existing numerical phase-comparison direct-current-ized 
frequency synthesizer, the content of the modulo N counter is normalized by A/N using the constant A 
which has digital processing instead of phase 2pi of a round term so that easily. N is changed to on the 
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other hand changing the frequency which a synthesizer generates. Therefore, generally A/N becomes 
nonintegral. Even if it sets up a constant A quite greatly, on conditions from which N changes every 
[ 1 ], a great portion of A/N becomes nonintegral. For this reason, since an error arises in the 
normalization topology of a counter, there is the 3rd problem that exact frequency generating cannot be 
performed. 

[0012] The 1st object of this invention has an unnecessary phase correction machine, and is offering the 
construction of the frequency synthesizer which can reduce circuit magnitude. 

[0013] The 2nd object of this invention is to be able to perform exact frequency generating and to enable 
a high-speed frequency change, even when N/K (K> 1) is not an integer. 

[0014] The 3rd object of this invention is losing normalization processing of topology and offering the 
frequency generating technique exact and stabilized at a high speed except for the error accompanying 
normalization. 

[0015] Other objects of this invention are to enable a high-speed frequency change in the frequency 
synthesizer configuration which used the prescaler and the variable divider which contained 2 modulus 
prescaler especially. 

[0016] Other objects of this invention are offering the frequency synthesizer which can realize most or 
•all of a frequency synthesizer with a semiconductor integrated circuit. 

[0017] In the migration communication device which has many communication channels, other objects 
of this invention are offering the frequency synthesizer which can realize frequency switching time of 
one or less ms, even if the channel spacing is about 10kHz. 
[0018] 

[Means for Solving the Problem] The technique of solving simultaneously the 1st, 2nd, and 3rd troubles 
of the above is as follows. 

[0019] The electrical potential difference/current-controlled oscillator which controls an oscillation 
frequency by the electrical potential difference or the current, and outputs an oscillation signal, In the 
frequency synthesizer which has the criteria oscillator which outputs the reference signal of a 
predetermined frequency, constitutes a phase-locked loop, and controls an oscillation frequency A 
reference signal differential phase generating means to extract topology from the reference signal of said 
criteria oscillator, and to output in quest of a differential phase, An oscillation signal differential phase 
generating means to extract topology from the oscillation signal of said electrical potential 
difference/current-controlled oscillator, and to output in quest of a differential phase, The differential 
phase comparator which outputs this differential phase difference in quest of the difference of the 
differential phase from said reference signal differential phase generating means, and the differential 
phase from said oscillation signal differential phase generating means, The above-mentioned technical 
problem is solved by having the integrator which integrates with said differential phase difference and is 
outputted in quest of a phase error, the signal-processing section which carries out signal processing to 
the output signal of said integrator, and the converter which changes the output signal of said signal- 
processing section into an electrical potential difference or a current. 

[0020] Said oscillation signal differential phase generating means samples the oscillation signal of said 
electrical potential difference/current-controlled oscillator, extracts topology, makes topology a saw 
tooth waveform and is equipped with the serration signal generator generated repeatedly and the 
serration signal differential phase generating section outputted in quest of a differential phase based on 
the topology of the saw tooth waveform of said serration signal generator. 

[0021] Said serration signal generator is repeat frequency fr (however, fr frequency of arbitration) based 
on said oscillation signal. H (however, H natural number) time sampling is carried out per period, 
topology is made into a saw tooth waveform, and a serration signal is outputted. Said serration signal 
differential phase generating section The topology in which the serration signal from said serration 
signal generator gets mixed up is compared, and differential phase information is outputted in quest of a 
differential phase. Said reference signal differential phase generating means The serrate reference signal 
generating section which samples the reference signal of said criteria oscillator, extracts topology, 
makes topology a saw tooth waveform, and is generated repeatedly, Based on the topology of the saw 
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tooth waveform of said serrate reference signal generating section, it has the reference signal differential 
phase generating section outputted in quest of a differential phase. Said serrate reference signal 
generating section Based on said reference signal, it is repeat frequency fr (however, fr frequency of 
arbitration). It samples H times per period, topology of a reference signal is made into a saw tooth 
waveform, a serration signal is outputted, and said reference signal differential phase generating section 
compares the topology in which the serration signal from said serrate reference signal generating section 
gets mixed up, and outputs differential phase information in quest of a differential phase. Moreover, said 
serration signal generator is based on said oscillation signal, and is repeat frequency frl (however, frl). 
the time of setting to fv the frequency which you want to oscillate in an electrical potential 
difference/current-controlled oscillator » the relation of fv=N-frl — it is - N set up in order to determine 
the oscillation frequency of the oscillation signal of per period, and said electrical potential 
difference/current-controlled oscillator Time sampling is carried out, topology is made into a saw tooth 
waveform, and a serration signal is outputted. (However, N natural number) The serration signal 
differential phase generating section The serration signal from said serration signal generator l/(mKfrl) 
of periods (However, K and m natural number) every — it samples, topology is extracted, the topology 
which gets mixed up is compared, the differential phase which searched for and searched for the 
•differential phase is doubled mK, differential phase information is outputted, and you may make it the 
reference signal differential phase generating section output mN as differential phase information In this 
case, said serration signal generator is equipped with the counting-down circuit of the number N of 
"dividing, a counting-down circuit repeats counting to N, enumerated data are outputted, when counting 
is carried out to N, a carry is outputted, and said serration signal differential phase generating section 
can output the difference which amended it as serration signal differential phase information, when a 
carry is outputted from said counting-down circuit. 

[0022] Furthermore, said serration signal generator is based on said oscillation signal, and is repeat 
frequency frl (however, frl). the time of setting to fv the frequency which you want to oscillate in an 
electrical potential difference/current-controlled oscillator — the relation of fv=N-frl — it is — N set up in 
order to determine the oscillation frequency of the oscillation signal of per period, and said electrical 
potential difference/current-controlled oscillator Time sampling is carried out and the serration signal 
which has the saw tooth waveform of maximum topology C-N (however, C natural number) is 
outputted. (However, N natural number) The serration signal differential phase generating section The 
serration signal from said serration signal generator l/(Kfrl) of periods (However, K natural number) 
every — it samples, extract topology, compare the topology which gets mixed up, the differential phase 
which searched for and searched for the differential phase is K doubled, differential phase information is 
outputted, and you may make it the reference signal differential phase generating section output CN as 
differential phase information 

[0023] Moreover, a serration signal generator is based on said oscillation signal, and is repeat frequency 
frl (however, frl). the time of setting to fV the frequency which you want to oscillate in an electrical 
potential difference/current-controlled oscillator — the relation of fv=N-frl — it is — N set up in order to 
determine the oscillation frequency of the oscillation signal of per period, and said electrical potential 
difference/current-controlled oscillator Time sampling is carried out and the serration signal which has 
the saw tooth waveform of the maximum topology mCN (however, C and m natural number) is 
outputted. (However, N natural number) The serration signal differential phase generating section The 
serration signal from said serration signal generator l/(mKfrl) of periods (However, K natural number) 
every — it samples, topology is extracted, the topology which gets mixed up is compared, the differential 
phase which searched for and searched for the differential phase is doubled mK, differential phase 
information is outputted, and you may make it the reference signal differential phase generating section 
output mCN as differential phase information 

[0024] Moreover, the number Nd of adjustable dividing which carries out dividing of the output to the 
prescaler to which said serration signal generator makes said C the number of dividing However, Nd is a 
prescaler type variable divider equipped with the modulo Nd counter of natural number) which has 
number Nt=C-Nd of comprehensive dividing. (— said reference signal differential phase generating 
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section Said number Nt=CNd of dividing is outputted as differential phase information, and said 
serration signal differential phase generating section may K Double the value to which said frequency 
fr2 carried out round period accumulation of said number C of dividing by using the output signal of 
said prescaler as a clock, and may output it as differential phase information. 
[0025] Or 2 modulus prescaler in which said serration signal generator has dividing several P1=CP 
(however, P natural number) and dividing several P2=C (P+l), It has the Maine counter of the number 
M of good variations peripheries, and the swallow counter of the number S of good variations 
peripheries. It is the pulse swallow type variable divider which has comprehensive dividing number 
Nt=P2, S+Pl, and (M-S) =C(PM+S) **C-Nd. Said reference signal differential phase generating section 
Said number Nt=CNd of dividing is outputted as differential phase information. Said serration signal 
differential phase generating section The output signal of said 2 modulus prescaler is used as a clock. 
The value to which said frequency fr2 carried out round period accumulation of said PI or P2 dividing 
according to the number selection signal of dividing which returns from said swallow counter to said 2 
modulus prescaler can be K Doubled, and it can also output as differential phase information. 
[0026] Said serration signal generator is a prescaler which makes said C the number of dividing and 
which carries out dividing. Moreover, said serration signal differential phase generating section It is the 
•numerical-control oscillator which has the adjustable number-of-steps value Ns (however, Ns is 
expressed with Ns=C-N-frl/fv). Said numerical-control oscillator The signal in which said serration 
signal generator carried out dividing is used as a clock, accumulate the adjustable number-of-steps value 
Ns, sample to every periodic l/(Kfrl) (however, K natural number), the differential phase which 
searched for and searched for the differential phase is K Doubled, and differential phase information is 
outputted. 

[0027] Furthermore, said serration signal differential phase generating section is the adjustable number- 
of-steps value Ns (however, Ns). It is the numerical-control oscillator which it has. it expresses with 
Ns=C-N-frl/fV ~ having - said numerical-control oscillator Said oscillation signal can be used as a 
direct clock, the adjustable number-of-steps value Ns can be accumulated, it can sample to every 
periodic l/(Kfrl) (however, K natural number), the differential phase which searched for and searched 
for the differential phase can be K Doubled, and differential phase information can be outputted. 
[0028] Said signal-processing section can perform and output the processing which filters the output 
signal from said integrator, and may perform and output the processing which adds initial value to an 
output signal from said integrator. 

[0029] As mentioned above, in this invention, since the differential phase information on two signals is 
compared, the frequency synthesizer constituted by this technique is called for convenience a differential 
phase comparison frequency synthesizer. 
[0030] 

[Function] A criteria oscillator outputs the reference signal of a predetermined frequency, and a 
reference signal differential phase generating means extracts topology from this reference signal, and 
outputs it in quest of a differential phase. 

[0031] Moreover, an electrical potential difference/current-controlled oscillator outputs an oscillation 
signal, and an oscillation signal differential phase generating means extracts topology from this 
oscillation signal, and outputs it in quest of a differential phase. 

[0032] A differential phase comparator outputs this differential phase difference in quest of the 
difference of the differential phase from said reference signal differential phase generating means, and 
the differential phase from said oscillation signal differential phase generating means. An integrator 
integrates with said differential phase difference, and outputs it in quest of a phase error, and the signal- 
processing section performs and equalizes the processing to filter, or performs processing which adds 
initial value to an output signal from said integrator. 

[0033] A converter controls the frequency of an oscillation signal by changing the output signal of said 
signal-processing section into an electrical potential difference or a current, and inputting it into an 
electrical potential difference/current-controlled oscillator. 

[0034] A serration signal generator samples the oscillation signal of said electrical potential 
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difference/current-controlled oscillator, and extracts topology, topology is made into a saw tooth 
* waveform, said oscillation signal differential phase generating means is equipped with a serration signal 
generator and the serration signal differential phase generating section, and the serration signal 
differential phase generating section is outputted [ it generates repeatedly and ] in quest of a differential 
phase based on the topology of the saw tooth waveform of said serration signal generator. 
[0035] The modulo N counter of several Ns adjustable dividing is used for the serration signal generator 
which generates the serration signal which has a saw tooth waveform from the output signal of an 
electrical potential difference/current-controlled oscillator. In this case, by outputting the content of the 
modulo N counter which is carrying out dividing of the output signal of an electrical potential 
difference/current-controlled oscillator, a serration signal generator is repeat frequency frl, in order to 
determine the oscillation frequency of the oscillation signal of per period, and said electrical potential 
difference/current-controlled oscillator, N time sampling is set up and carried out, and makes topology a 
saw tooth waveform, and outputs a serration signal. The serration signal differential phase generating 
section samples the serration signal from said serration signal generator to every periodic l/(mKfrl) 
(however, K and m natural number), and extracts topology. The topology which gets mixed up is 
compared, the differential phase which searched for and searched for the differential phase is doubled 
f mK, and differential phase information is outputted. Here, difference of a sampling value is taken as 
substantial difference including a carry, when a carry appears in a modulo N counter. 
[0036] on the other hand — a reference signal differential phase generating means — every periodic 1/ 
•(mKfrl) — several above-mentioned dividing — let the phase be the topology of a reference signal 
supposing the numerical-control oscillator of the period T which increases every [ N ]. Therefore, 
reference signal differential phase information serves as constant value and the above-mentioned 
number mN of dividing. The frequency of VCO is controlled by phase error information which carried 
out the infinite integral of the difference of the above-mentioned reference signal differential phase and 
the VCO side signal differential phase. 

[0037] Although topology has periodicity as everyone knows, there is no periodicity in the differential 
phase information which differentiated it, i.e., frequency information. Therefore, by the technique of 
asking for a part for the differential phase contrast of a reference signal differential phase and the VCO 
side signal differential phase, a phase error jump which is produced in a numerical phase-comparison 
direct-current-ized frequency synthesizer at a part for the differential phase contrast is not produced like 
this invention. That is, a phase error direct-current-ized circuit is unnecessary and circuit magnitude 
becomes small compared with a numerical phase-comparison direct-current-ized frequency synthesizer. 
That is, the 1st problem is solved. 

[0038] What integrated with a part for the above-mentioned differential phase contrast is the phase error 
generated in a phase-locked loop, and the phase error over a round term serves as constant value, when 
the frequency by the side of a reference signal and VCO is equal. Thus, it is [ primary ] the description 
of a homologous term loop formation that a phase-locked loop synchronizes while the phase error has 
been fixed. Therefore, since it is not necessary to change the number N of dividing and to make a phase 
error a new frequency at zero at the time of ****** 9 it will be in a phase simulation condition new at a 
high speed. 

[0039] Since several Ns adjustable dividing is adopted as reference signal differential phase information 
and normalization processing is not needed, the operation over the 3rd trouble is clear. 
[0040] The operation over the 2nd trouble is explained below, the 1st sample which is the VCO side 
signal differential phase since N/K is nonintegral — difference — supposing omission arises in a value — 
the truncation error — the 2nd sample — difference — it is distributed as an up valuation error after a 
value, and an error is lost by the average over a round term T. if it puts in another way — the reference 
signal differential phase N and the 1st sample of the above — difference ~ supposing an error forward by 
difference with a value arises — the reference signal differential phase N and the 2nd sample of the 
above — difference — an error negative by the difference after a value is generated. It will become zero if 
it integrates with these errors over a round. That is, the phase error over a round term being zero is that 
the frequency by the side of a reference signal and VCO is equal, and exact frequency generating of it is 
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attained. The example of a concrete numeric value explains the above thing. If K= 8 and N= 1002, 
differential phase value deltaVi and reference signal differential phase value deltaRi which doubled the 
counter sampling value Ci (i=l-8), its sampling value increment Di, and it K will become as it is shown 
in a table 2. 
[0041] 
[A table 2] 
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[0042] The phase error to which arbitration carried out a round period integral of the differential phase 
error deltaHi which is the difference of both the differential phase value serves as zero for every round 
term at least as above-mentioned explanation. 
[0043] 

[Example] The block diagram of the differential phase frequency synthesizer which is the example 
which shows the basic principle of this invention is shown in drawing 1 . In drawing 1 , the differential 
phase frequency synthesizer 10 has the criteria oscillator 1 1, the saw-tooth wave reference signal 
generating section 12, the reference signal differential phase generating section 13, the clock generation 
section 14, the electrical-potential-difference (or current) controlled oscillator 15, the saw-tooth wave 
serration signal generator 16, the serration signal differential phase generating section 17, the differential 
phase comparator 18, an integrator 19, the signal -processing section 20, the electrical-potential- 
difference (or current) converter 21, and the interface section 22. 

[0044] The clock generation section 14 generates the first clock which has a frequency frl from the 
output signal of the criteria oscillator 1 1, the second clock which has a frequency twice [ K (however, K 
natural number) ] the frequency fr2 of frl, and various timing clocks required for actuation of each part 
of a configuration, and supplies a clock required for each part of a component (12), (13), (17), (18), (19), 
and (20). The saw-tooth wave reference signal generating section 12 is constituted by the combination of 
a counting-down circuit, a numerical-control oscillator or a counting-down circuit, and a numerical- 
control oscillator, and generates the reference signal which has the saw tooth waveform of repeat 
frequency frl from the output signal of the criteria oscillator 11. The reference signal differential phase 
generating section 13 generates the differential phase information on a reference signal every frequency 
fr2. The saw-tooth wave reference signal generating section 12 and the reference signal differential 
phase generating section 13 are doubled, it considers as a reference signal differential phase generating 
means, topology is extracted from the reference signal of the criteria oscillator 11, and you may make it 
output in quest of a differential phase. 

[0045] The saw-tooth wave serration signal generator 16 is constituted by the combination of a 
counting-down circuit, a numerical-control oscillator or a counting-down circuit, and a numerical- 
control oscillator, and generates the serration signal which has the saw tooth waveform of repeat 
frequency frl from the output signal of the electrical-potential-difference (or current) controlled 
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oscillator 15. The serration signal differential phase generating section 17 generates the differential 
phase information on a serration signal every frequency fr2. The saw-tooth wave serration signal 
generator 16 and the serration signal differential phase generating section 17 are doubled, it considers as 
an oscillation signal differential phase generating means, topology is extracted from the oscillation 
signal of a voltage controlled oscillator 15, and you may make it output in quest of a differential phase. 
[0046] The differential phase comparator 18 asks for a part for the differential phase contrast of 
reference signal differential phase information and serration signal differential phase information. Let an 
integrator 1 9 be the phase contrast part information on a reference signal and a serration signal by 
integrating with a part for the differential phase contrast. The signal-processing section 20 is filtered to 
the phase contrast part information from an integrator 19, or performs signal processing of adding initial 
value. A converter 21 changes the output signal of the signal-processing section 20 into the electrical 
potential difference or current signal suitable for the frequency control of an oscillator 15, and controls 
the frequency of an oscillator 15. The interface section 22 sends out the number of dividing, the above- 
mentioned initial value, etc. of for example, the above-mentioned counting-down circuit to reception and 
required each part of a component from a microprocessor (not shown). A microprocessor can direct a 
numeric value N, initial value, etc. which are set up in order to determine the oscillation frequency of a 
•voltage controlled oscillator through the interface section 22, in order to control the frequency of an 
oscillator 15. 

[0047] A reference signal differential phase generating means and an oscillation signal differential phase 
'generating means That what is necessary is just to output the differential phase of a reference signal and 
an oscillation signal, respectively an oscillation signal differential phase generating means Based on an 
oscillation signal, it is repeat frequency fr (however, fr frequency of arbitration). Carry out H (however, 
H natural number) time sampling per period, make topology into a saw tooth waveform, and a serration 
signal is outputted. The topology in which a serration signal gets mixed up is compared, and differential 
phase information is outputted in quest of a differential phase. Said reference signal differential phase 
generating means It samples H times per period, topology of a reference signal is made into a saw tooth 
waveform, and a serration signal is outputted, and the topology in which a serration signal gets mixed up 
is compared, and you may make it output differential phase information in quest of a differential phase 
with repeat frequency fr based on a reference signal. It may be made to carry out N time sampling of this 
sampling H times. Moreover, the serration signal differential phase generating section of an oscillation 
signal differential phase generating means Sample said serration signal further to every periodic 1/ 
(mKfrl) (however, K and m natural number), and topology is extracted. The topology which gets mixed 
up can be compared, the differential phase information which searched for and searched for the 
differential phase can be increased mK time, and can be outputted, differential phase information can be 
outputted, and the reference signal differential phase generating section of a reference signal differential 
phase generating means can also output mN as a differential phase. Moreover, it can avoid generating 
the error by normalization from that of outputting the serration signal which has the saw tooth waveform 
of the maximum topology mCN (however, C natural number) in the serration signal differential phase 
generating section of an oscillation signal differential phase generating means at this time. 
[0048] this example — the differential phase of a reference signal and a serration signal — since phase 
contrast part information has been acquired by finding the integral after asking for difference, i.e., a 
delta frequency, the phase jump generated when it asks for a part for the phase contrast of a reference 
signal and a serration signal directly does not occur. That is, phase contrast part information searched for 
by this example is direct-current-ized inevitably, and the high-speed level luffing motion of a phase- 
locked loop of a direct-current-ized circuit becomes possible unnecessarily. 

[0049] In this example, the serration signal which the saw-tooth wave serration signal generator 16 
generates makes maximum which it has within a round term T of a frequency frl reference signal 
differential phase information. That is, it is equivalent to searching for the differential phase of the 
output signal supposing the numerical-control oscillator of the period T which increases [ above- 
mentioned ] maximum every every frequency fr2. furthermore, K times as much difference as this 
reference signal differential phase information and the serration signal differential phase information for 
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every frequency fr2 ~ a differential phase ~ normalization processing becomes unnecessary by 
^ considering as difference. Moreover, there is the description that the saw-tooth wave reference signal 
generating section 12 and the reference signal differential phase generating section 13 become 
unnecessary as a matter of fact, and circuitry becomes easy by this. 

[0050] The block diagram of the differential phase comparison frequency synthesizer which is the detail 
example of this invention is shown in drawing 2 . In drawing 2 , the same sign is given to the circuit 
block which has drawing 1 and a similar function. The differential phase comparison frequency 
synthesizer 10 has the criteria oscillator 1 1, the clock generation section 14, VC015, a modulo N 
counter 16 (it corresponds to the saw-tooth wave serration signal generator of drawing 1 ), the sampling 
differential phase generating section 1 7 (it corresponds to the serration signal differential phase 
generating section of drawing 1 ), the differential phase comparator 18, an integrator 19, the signal- 
processing section 20, D/A converter 21 (it corresponds to the electrical-potential-difference converter 
of drawing 1 ), and the interface section 22. 

[0051] In drawing 2 , the criteria oscillator 1 1 is a crystal oscillator and outputs the clock signal of the 
oscillation frequency frO on a line SI 1. The clock generation section 14 has the counting-down circuit 
141 which has the number L of dividing, the counting-down circuit 142 which has the number K of 
^dividing, and the timing generator 143 which generates various clocks. The clock generation section 14 
carries out the output signal of the criteria oscillator 1 1 L dividing with a counting-down circuit 141, 
generates the second clock of a frequency fr2, carries out this second clock K dividing with a counting- 
Mown circuit 142, generates the first clock of a frequency frl, and generates various clocks (T1-T9) 
required for actuation of other circuit blocks from three clocks of frequencies frO, frl, and fr2. The 
clocks Fr21, Fr22, Fr23, Fr24, Fr25, and Fr27 and the clocks Frl 6, Frl 7, and Frl 8 which have the same 
frequency as a frequency frl which have the same frequency as a frequency fr2 are outputted on a line 
Tl - T9 from a timing generator 14, respectively. The time relation of these clocks is explained later 
using drawing 3 . 

[0052] VC015 is a voltage controlled oscillator with which an oscillation frequency is controlled by the 
armature-voltage control signal, and outputs the signal of the oscillation frequency fVo controlled by 
output voltage of D/A converter 21 on a line SI 5. the modulo N counter 16 which has several Ns 
(however, N natural number) adjustable dividing carries out counting of the oscillation frequency of 
VCOIS, and repeats the count actuation from 1 to N (or — from N up to 1). In order to change the 
oscillation frequency of VCOIS, the above-mentioned number N of dividing is changed. The above- 
mentioned number N of dividing lets the interface section 22 pass, for example, is specified from a 
microprocessor (not shown), and is set to a modulo N counter 16. the sampling differential phase 
generating section 17 — counting of a modulo N counter 16 - the content — every periodic l/(K-frl) - 
sampling — the difference of an adjacency **** sampling value — asking — the difference — it outputs 
on a bus B17, carrying out the multiplication of the number K of dividing to a value, and using the 
multiplication value as serration signal differential phase information deltaV. the above-mentioned 
sampling — difference — a value shall take difference including a carry, when a carry is outputted from a 
modulo N counter 1 6 

[0053] On the other hand, dividing several N themselves are adopted as reference signal differential 
phase information deltaR. 

[0054] moreover — the case where the sampling differential phase generating section 17 is sampled to 
every periodic l/(mK-frl) — the difference of an adjacency **** sampling value — asking — the 
difference — it outputs on a bus B 1 7, carrying out the multiplication of the number mK of dividing to a 
value, and using the multiplication value as serration signal differential phase information deltaV, and 
you may ask for **** as the number mN of dividing as reference signal differential phase information 
deltaR. 

[0055] The differential phase comparator 18 subtracts serration signal differential phase information 
deltaV from reference signal differential phase information deltaR, sets the difference to differential 
phase error deltaH, and outputs it on a bus B18. An integrator 19 carries out the infinite integral of the 
differential phase error deltaH from the differential phase comparator 18, and outputs the phase error 
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signal H on a bus B19. After the signal -processing section 20 performs signal processing, such as 
filtering, to the phase error signal H, generates the phase error signal theta, normalizes the signal theta in 
the channel range of latter D/A converter 21 and adds initial value thetai to normalization signal thetan, 
it outputs the aggregate value. The above-mentioned initial value thetai is a value corresponding to the 
number N of dividing, and is specified from a microprocessor through the interface section 22. Let the 
value W of the above-mentioned normalization processing be the value specified from the value defined 
beforehand or the microprocessor. D/A converter 21 changes the output digital data from the signal- 
processing section 20 into a corresponding analog value. Since an oscillation frequency is controlled by 
the armature-voltage control signal, D/A converter 2 1 changes the output data from the signal- 
processing section 20 into analog voltage, and VC015 impresses this electrical potential difference to 
the frequency control terminal of VC015. When a current control mold frequency adjustable oscillator 
is used instead of VC015, an analog current is outputted from D/A converter 21. The interface section 
22 directs the number of dividing, initial value, etc. to each part of the block which constitutes a phase- 
locked loop based on the data and the address which were specified from the microprocessor. About a 
microprocessor or the interface section 22, it can respond by constituting using the conventional 
technique. In this example, the interface section 22 received the number N of dividing, initial value 
thetai, and the timer value T from the microprocessor by five interface lines from a microprocessor, and 
has given them to the corresponding block. In addition, in drawing 2 , functional block of a single figure 
shows functional block of many digits in simple. 

[0056] A phase-locked loop is constituted by the above block configuration, and the oscillation 
frequency fvo of VCOIS after synchronous establishment serves as a product of the number N of 
dividing, and the reference signal frequency frl. 

[0057] A concrete numerical example is raised to below and the detailed configuration and the actuation 
of a basic example which are shown in drawing 2 are explained. For example, if the oscillation 
frequency frO of the criteria oscillator 1 1 is set to 12.8MHz and the numbers L and K of dividing are set 
[ both ] to 25= 32, the output frequency frl of 400kHz and a counting-down circuit 142 will be set to 
12.5kHz by the output frequency fr2 of a counting-down circuit 141. If the oscillation frequency fvo of 
VC015 is set to about 100MHz, the number N of dividing of the binary modulo N counter 16 will 
become about 8,000, and if this is expressed with a binary number, the digit count will be set to 13. The 
number register 223 of dividing in the interface section 22 outputs the number N of binary dividing on 
the bus BI1 of 13 figures. A counter 16 carries out counting of the frequency of the clock signal from 
VC015 inputted into the clock terminal CK. the carry terminal CA of a counter 16 and the load terminal 
LD are connected, and the data input terminal DT is connected to a bus BI1 — having — **** — counting 
from an output terminal OP — the content is outputted on the bus B 16 of 13 figures. For example, when 
a counter 16 is a down counter, if a carry signal is outputted from the carry terminal CA, it will input 
into the load terminal LD and the number N of dividing on a bus BI1 will be set to a counter 16 
synchronizing with the clock signal to Terminal CK. a counter 16 — several dividing — the clock signal 
from N — synchronizing — a down count — starting — counting — if the content is set to "1", actuation of 
outputting a carry signal will be repeated, moreover — if a carry signal is outputted from the carry 
terminal C A when a counter 1 6 is a rise counter — the load terminal LD — inputting — the clock signal to 
Terminal CK — synchronizing — counting — the content is set to "1." a counter 16 — the clock signal 
from 1 — synchronizing - a rise count — starting — counting — the content ~ several dividing on a bus 
BI1 — if in agreement with N, actuation of outputting a carry signal will be repeated. 
[0058] The sampling differential phase generator 17 has D flip-flop 171, 172, and 175, the subtraction 
machine 173, the adder 174, the multiplier 176, RS flip flop 177, and the selector 178. D terminal of the 
flip-flop 171 of 13 figures — counting of a counter 16 — the content inputs through a bus B16 — having - 
- this counting - the content is sampled. In a flip-flop 171, the input signal to D terminal is sampled by 
the clock Fr22 on the line T2 inputted into C terminal, and is outputted to the bus B171 of 13 figures 
from Q terminal. In the flip-flop 172 of 13 figures, the signal inputted into D terminal from the bus B171 
is sampled by the clock Fr21 on the line Tl inputted into C terminal, and is outputted to the bus B 172 of 
13 figures from Q terminal. The subtraction machine 173 of 13 figures takes the difference of the signal 
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on a bus B 171, and the signal on a bus B172, and outputs it to the bus B 173 of 14 figures, namely, 
counting of a counter sampled with the flip-flop 171 with the subtraction vessel 173 — the content and 
counting of a counter sampled with the flip-flop 172 — a difference with the content can be searched for. 
counting of a counter sampled with the flip-flop 172 - counting of a counter by which the content was 
sampled before one with the flip-flop 171 — it is a content. The most significant digit of a bus B 173 is a 
sign bit, and the subtraction machine 173 attaches sign information and outputs the result of subtraction. 
The above-mentioned subtraction subtracts the signal on a bus B172 from the signal on a bus B171, 
when a counter 1 6 is a rise counter, and when a counter 16 is a down counter, it subtracts the signal on a 
bus B171 from the signal on a bus B 172. An adder 174 amends the signal on a bus B173, when a carry 
is outputted from a counter 16. counting by which the above-mentioned subtraction machine 173 was 
sampled — counting of a counter by which it was reset and the value of a counter 16 was sampled with 
the flip-flop 172 when the enumerated data in which the content gets mixed up were subtracted and a 
carry was outputted — since the content is the value before a carry is outputted, an adder 174 amends, 
when a carry is outputted. RS flip flop 177 is set by the carry CA of the counter 16 on the line S16 
inputted into a switch terminal, is reset with the clock Fr24 on line T four inputted into R terminal, and 
outputs a selection signal SN on a line SI 77 from Q terminal. The selector 178 of 13 figures outputs "0" 
of 13 figures inputted into a generator terminal from Y terminal, when the selection signal SN inputted 
into a switch terminal is "0", and when a selection signal SN is "1", it outputs the number N of dividing 
on the bus BI1 inputted into a battery terminal from Y terminal. The output signal from the Y terminal is 
inputted into 13 figures of low order of an adder 174 through a bus B178. The adder 174 of 14 figures 
adds the signal of a bus B173, and the signal on B178, and outputs an addition result to a bus B174. In 
the case of this example, the digit count of a bus B 174 is good at about 9 figures including a sign bit. 
because, counting of the counter with which subtracting in the subtraction machine 173 was sampled as 
mentioned above — it is the value in which the content gets mixed up, and at the time of a carry output, 
since it is amended by the adder 174, there should just be about 9 figures. Moreover, the number of bits 
of two signals compared by the differential phase comparator 18 is comparable, and after doubling the 
signal on a bus B174 K=25 with a multiplier 176, it is inputted into the differential phase comparator 18. 
In the flip-flop 175 of 9 figures, the signal inputted into D terminal from the bus B 174 is sampled by the 
clock Fr23 on line T3 inputted into C terminal, and is outputted to the bus B 175 of 9 figures from Q 
terminal. A multiplier 176 doubles the signal on a bus B175 K=25, and outputs a multiplication result to 
the bus B17 of 14 figures. In the case of K= 25, the function of a multiplier 176 is realizable like this 
example by shifting the signal on a bus B 175 to a high order 5 figures except for a sign bit, and 
outputting on a bus B17. Signal deltaV on a bus B17 (serration signal differential phase information) 
expresses the information corresponding to the differential phase of VC015. 

[0059] Only including the subtraction machine 181 of 14 figures, the differential phase comparator 18 
subtracts serration signal differential phase information deltaV on dividing several buses B17 from N on 
the bus BI1 corresponding to reference signal differential phase information deltaR, and outputs 
subtraction result deltaH to the bus B18 of 14 figures. Although the most significant digit of a bus B18 
is a sign bit, when several figures of the high-order digit which follows a sign bit at the time of real 
actuation do not change, it can omit the digit of the part. 

[0060] An integrator 19 has an adder 191 and a register 192. The sign bit of differential phase error 
signal deltaH on a bus B18 and the bit of 13 figures of low order are inputted into the sign bit of one 
input terminal of the 19-figure adder 191, and the bit of 13 figures of low order. The output signal of an 
adder 191 is inputted into D terminal of the register 192 of 19 figures through the 19-figure bus B 191. In 
a register 192, with the clock Fr24 on line T four supplied to C terminal, the input signal to D terminal is 
transmitted to Q terminal, and is outputted to the 19-figure bus B19. The signal on a bus B19 is inputted 
into another input terminal of an adder 191. By the above, differential phase error signal deltaH finds the 
integral, and becomes the phase error signal H. A register 192 is reset by the reset signal on the line SI 1 
inputted into R terminal whenever the new number N of dividing is inputted into the interface section. 
When an adder 191 may overflow, an overflow detector is formed, and an overflow detector may detect 
output overflow of an adder 191, and may reset a register 192. 
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[0061] The signal-processing machine 20 has an adder 201, a register 202, a divider 203, D flip-flop 
204, a selector 205, the normalization machine 206, an adder 207, a selector 208, and D flip-flop 209. 
The sign bit of the phase error signal H on a bus B19 and the bit of 1 8 figures of low order are inputted 
into the sign bit of one input terminal of the 24-figure adder 201, and the bit of 18 figures of low order. 
The output signal of an adder 201 is inputted into D terminal of the register 202 of 24 figures through 
the 24-figure bus B201. In a register 202, with the clock Fr25 on the line T5 supplied to C terminal, the 
input signal to D terminal is transmitted to Q terminal, and is outputted to the 24-figure bus B202. The 
signal on a bus B202 is inputted into another input terminal of an adder 201. A divider 203 divides the 
signal on a bus B202 by K= 32, and outputs it to the bus B203 of 19 figures. This division function is 
realizable by shifting the signal on a bus B202 to a low order side 5 figures, and putting on a bus B203. 
The signal on a bus B203 is inputted into D terminal of a flip-flop 204. In the flip-flop 204 of 19 figures, 
with the clock Frl6 on the line T7 supplied to C terminal, D terminal input signal is transmitted to Q 
terminal, and is outputted to the bus B204 of 19 figures. A register 202 is reset with the clock Frl7 on a 
line T8, and since the frequency of a clock Fr25 is K times the frequency of clocks Frl6 and Frl7, the 
signal on a bus B204 becomes what equalized the phase error signal on a bus B202 over a period 1/frl. 
The signal on a bus B204 is inputted into the battery terminal of a selector 205. The direct input of the 
phase error signal H on a bus B19 is carried out to the generator terminal of a selector 206. The selector 
205 of 19 figures outputs a generator terminal input signal to the 19-figure bus B205 as a phase error 
signal theta from Y terminal, when the selection signal ST on the line SI 2 impressed to a switch 
terminal is "0", and when a selection signal ST is "1", it outputs a battery terminal input signal to the 19- 
figure bus B205 as a phase error signal theta from Y terminal. Signal processing from a bus B18 to a bus 
B205 is a kind of digital filter processing. Therefore, construction other than an example may be used. 
The signal on a bus B205 is inputted into the normalization machine 206. Work of this normalization 
machine 206 is performing four operations to an input signal and obtaining resolution required in 
dedicating that output signal in the input range value of D/A converter 21. For example, even the 16th 
figure is outputted to the 16-figure bus B206 from a sign bit and the double figures low order. The signal 
of a bus B206 is inputted into one input terminal of the 16-figure adder 207. Suitable initial value thetai 
corresponding to the number N of dividing is inputted into the input terminal of another side of an adder 
207 from the 16-figure bus BI2. An adder 207 outputs an addition result on the 16-figure bus B207. The 
clock Fr27 on a line T6 is inputted into A input terminal of a selector 208, and the clock Frl7 on T8 is 
inputted into B input terminal. A selector 208 outputs a generator terminal input signal on a line S208 
from Y terminal, when the selection signal ST of the line SI 2 inputted into a switch terminal is "0", and 
when a selection signal ST is "1", it outputs a battery terminal input signal on a line S208 from Y 
terminal. With the clock into which the signal inputted into D terminal from the bus B207 was inputted 
by C terminal from the line S208, the 16-figure flip-flop 209 is re-sampled, and is outputted to the bus 
B20 of 16 figures from Q terminal. 

[0062] 16-figure D/A converter 21 outputs the analog voltage corresponding to the input digital value on 
a bus B20 to a line S21 . This electrical potential difference is impressed to the frequency control 
terminal of VC015. The frequency of VC015 changes with these electrical potential differences, and a 
negative feedback loop formation is constituted so that the value which integrated with the output of the 
differential phase comparator 18 over round term 1/frl may become zero. The oscillation frequency fvo 
of VC015 after the synchronous level luffing motion of a phase-locked loop is expressed with a degree 
type. 
[0063] 

[Equation 2] fvo=N-frl (several 2) The interface section 22 has a serial input / juxtaposition output 
register 221, an address decoder 222, the number register 223 of dividing, the initial value register 224, 
the timer register 225, and the timer 226. From a microprocessor, Clock DCLK, serial data DATA, 
address ADR0 and ADR1 of 2 bits, and five signals of latch enabling [ LE ] are inputted into the 
interface section 22 through lines Ml, M2, M3, M4, and M5, respectively. The serial input / 
juxtaposition output register 221 of 16 figures incorporate serial data DATA for every clock DCLK, and 
outputs it on a bus B221 as parallel data. An address decoder 222 decodes a lower bit and ADR1 for the 
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address ADR 0 as a high order bit. When the address is "0", latch enabling [ LE ] on a line S2221 When 
the address is "1", the address is "2" on a line S2222 about latch enabling [ LE ], and the address is "3" 
on a line S2223 about latch enabling [ LE ], it outputs on a line S2224 by considering latch enabling 
[ LE ] on a line M5 as start enabling [ SE ]. After the number register 223 of dividing of 13 figures 
incorporates the parallel data on a bus B221 by latch enabling [ LE ] on a line S2221 and changes it into 
parallel data, it is outputted on a bus BI1 by start enabling [ SE ] on a line S2224. After the initial value 
register 224 of 16 figures incorporates the data on a bus B221 by latch enabling [ LE ] on a line S2222 
and changes them into parallel data, it is outputted on a bus BI2 by start enabling [ SE ] on a line S2224. 
A timer register 225 incorporates the data on a bus B221 by latch enabling [ LE ] on a line S2223, and 
outputs them on a bus B225. After a timer 226 is reset by start enabling [ SE ] on a line S2224, it starts 
counting of the clock Frl8 on a line T9, and outputs the selection signal ST of "0" on a line SI 2 then. If 
the enumerated data of a timer 226 are in agreement with the data on a bus B225, a timer 226 stops 
counting, and it will output it until the selection signal ST of "1" is reset. Moreover, start enabling [ SE ] 
on a line S2224 is outputted as initial reset IR on a line SI 1. 

[0064] Below, actuation of the example shown in drawing 2 is again explained using the timing diagram 
of drawing 3 . As a numerical example, the oscillation frequency frO of the criteria oscillator 1 1 is set to 
6.4MHz, and the numbers L, K, and N of dividing are set to 8, 8, and 1002, respectively so that it may 
be easy to carry out the graphic display of drawing 3 . The oscillation frequency fvo of 100kHz and 
VC012 is set [ the output frequency fr2 of a counting-down circuit 12 ] to 100.2MHz from these by the 
output frequency frl of 800kHz and a counting-down circuit 13. It is set to N/K=1002 / 8= 125.25 at this 
time. Moreover, the time delay of each circuit part shown in drawing 2 of operation assumes the timing 
diagram shown in drawing 3 to be about 0, and it is illustrated. (1) of drawing 3 , (2), and (3) express the 
signal of frequencies frO, fr2, and frl which is an output from the criteria oscillator 1 1 or the clock 
generation section 14, respectively. The notation of the periodic slot numbers t0-tl3 is attached and 
shown in drawing 3 for every round term on the basis of the period of a frequency fr2. Since eight pulses 
of a frequency frO are included, the sign of the pulse numbers pl-p8 is attached sequentially from the top 
pulse for every round term at a round term of a frequency fr2. (4) - (9) of drawing 3 shows the clocks 
Fr21, Fr22, Fr23, Fr24, Fr25, and Fr27 which are the output signals from a timing generator 143. The 
frequency of these clocks is equal to fr2, and the forward pulse width presupposes that it is equal to the 
width of face of frO pulse. It is shown that X of clock Fr2X has a pulse in X location equal to the figure 
of the pulse number of frO pulse. (10) - (12) of drawing 3 shows clocks Frl6, Frl7, and Frl8. The 
frequency of these clocks is equal to frl, and the forward pulse width presupposes that it is equal to the 
width of face of frO pulse. Drawing 3 shows that clocks Frl 6, Frl 7, and Frl 8 have a pulse in the slot 
numbers t3 and tl 1, and X of clock FrlX has a pulse in X location equal to the figure of the pulse 
number of frO pulse. As mentioned above, in principle, if a circuit block number (17-20) becomes large, 
by enlarging Above X, the phase of a clock was delayed one by one and stable actuation has been 
obtained. 

[0065] (13) - (18) of drawing 3 shows the output of each part when the phase-locked loop of drawing 1 
synchronizes with the wave or the changing point. (13) of drawing 3 shows the carry output CA of the 
rise counter 16, and (14) of drawing 3 shows Q output of a flip-flop 177. (15) - (18) of drawing 3 shows 
the changing point of Q output of flip-flops 171, 172, and 175 and a register 192, respectively. If a flip- 
flop 171 assumes that the numeric values S1-S8 of the counter 16 on a bus B16 were sampled by slots 
tl-t8 with the clock Fr22, the output of the flip-flop 172 which samples the output with a clock Fr21 will 
become as shown in (16) of drawing 3 . (17) of drawing 3 shows the numeric values D1-D8 to which the 
flip-flop 1 75 sampled the value which carried out carry amendment to the value which lengthened the 
output of a flip-flop 172 with the subtraction vessel 173 from the output of a flip-flop 171 with the adder 
174 with the clock Fr23. In this example, since the carry output CA has come out by slots t4 and tl2, a 
flip-flop 177 outputs "1" until it is reset with a clock Fr24. During this "1" output, since N= 1002 
dividing is outputted, the outputs D4 and D12 of the flip-flop 175 in slots t4 and tl2 serve as a value by 
which the carry was amended from a selector 178. The output of the subtraction machine 181 serves as a 
value which lengthened the value which doubled the output of a flip-flop 175 K=8 from N= 1002 
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dividing. For example, it becomes like deltaHi shown in a table 2. 

[0066] 

[A table 2] 
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[0067] A register 192 outputs the value which integrated with the output of the subtraction machine 181 
every clock Fr25. For example, if a big numeric value is outputted from the differential phase 
comparator 18 immediately after the number N of dividing changes to 1002 from 900, the frequency of 
VCOIS becomes high and the frequency of VC015 becomes high, the output value from the differential 
phase comparator 18 becomes small. Accumulation of these values is carried out with a register 192 and 
an adder 191, and after phase simulation serves as a value which swings before and behind a certain 
value according to a quantization error. 

[0068] In the example shown in drawing 2 , if the number N of dividing is set as a new value, the output 
signal ST of a timer 226 is set to "0", a selector 205 will output a generator terminal input signal to the 
19-figure bus B205 as a phase error signal theta from Y terminal, and the phase error signal on a bus 
B19 will be outputted from the signal-processing machine 20, without passing through an integrating 
circuit. Since a new error signal is supplied to D/A converter 21 one after another by this at a high speed, 
the frequency of VCOIS approaches the frequency corresponding to the quickly new number of 
dividing. If the output signal ST of a timer 226 "1" Becomes, since the error signal on a bus B19 will be 
integrated with and outputted in the signal-processing machine 20, the frequency of VC015 will 
approach the last frequency comparatively slowly, and will be in a stable state. Since the above 
configuration does not contain the analog filter, the level luffing motion of a phase-locked loop is 
intrinsically high-speed. Furthermore, stable high-speed synchronous level luffing motion becomes 
possible by optimizing analytically and experimentally the filter configuration and the operating time of 
the signal-processing machine 20 from phase-locked loop gain. 

[0069] Moreover, in the example shown in drawing 2 , when initial value thetai on a bus BI2 is zero in a 
certain number N of dividing, the output value of the normalization machine 206 when phase simulation 
is established is set to thetao. next, several above-mentioned dividing from other numbers of dividing — 
the time of changing into N — the above-mentioned value thetao as initial value thetai — as it is — or 
synchronous level luffing motion becomes possible further N, simultaneously by setting up about the 
approximate value at a high speed. 

[0070] In the example shown in drawing 2 , when the counter 16 which is a variable divider consists of 
subordination connections between the prescaler of the number C of dividing, and the modulo M 
counter of the number M of good variations peripheries, the number Nt of comprehensive dividing 
serves as Nt=C-M. When adopting M as reference signal differential phase deltaR, the object of this 
invention can be attained by setting to serration signal differential phase deltaV the value which doubled 
the difference of the adjacency **** sampling value of a modulo M counter K as the example. However, 
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when adopting Nt as reference signal differential phase deltaR, the object of this invention can be 
attained by setting to serration signal differential phase deltaV the value which doubled the difference of 
the adjacency **** sampling value of a modulo M counter C.K. 

[0071] In addition, in the example shown in drawing 2 , each PERT except a criteria oscillator, VCO, 
and a D/A converter can constitute easily using general-purpose ECL and general-purpose CMOS, or a 
TTL logic IC. Or it is also clear for the Sanction of this example to be selectively realized by signal 
processing by software using a digital signal processor etc. Moreover, it is also clear by using the latest 
semiconductor technology that 1 ****** G f all the components except the resonant element which are a 
criteria oscillator and the component of VCO can be integrated on a monolithic substrate. 
[0072] Drawing 4 shows the example at the time of using 2 modulus prescaler for a variable divider 
side, several dividing whose number is two when the oscillation frequency of VCO is high — 2 modulus 
prescaler which has PI and P2, and several dividing — the adjustable dividing Maine counter which has 
M, and several dividing — generally the pulse swallow type variable divider which consisted of 
adjustable dividing swallow counters which have S is used (reference: V.Manassewitsch, "Frequency 
Synthesizers Theory and Design", pp. 355-362, John Wiley & Sons, New York, 1976). It will become 
the three following if the VCO oscillation frequency fVo sets the first clock frequency of criteria to frl at 
this time. 
[0073] 
[Equation 3] 

fvo={P2andS+Pl-(M-S)} -frl**N-frl (several 3) [0074] 
[Equation 4] 

N=P2, S+Pl, and (M-S) =C (PM+S) (several 4) Here, the relation between PI and P2 is [0075]. 
[Equation 5] 

P1=C-P P2=C- (P+l) (several 5) it is ~ P corresponds the p-th power of 2, or the p-th power of 10, and 
C corresponds to P, and although it is a binary number or a decimal number, it is set as 1 in many cases. 
It carries out by changing one side of the numbers M and S of dividing into changing an oscillation 
frequency at least. It is referred to as Pl=128, P2=129, and C= 1 in this example. 
[0076] The frequency synthesizer 30 has the criteria oscillator 1 1, the clock generation section 14, 
VC015, 2 modulus prescaler 31, the swallow counter 32, the Maine counter 33, the sampling 
differential phase generating section 17, the differential phase comparator 18, an integrator 19, the 
signal -processing section 20, and D/A converter 21. In the example shown in drawing 4 , even if bit 
width of face differs about the part which achieves the same function as the example shown in drawing 
2 , the same notation is attached. Moreover, the frequency of the various clocks which the criteria 
oscillator 1 1 and the clock generation section 14 generate presupposes that it is the same as drawing 2 . 
The output signal of VCO 15 is inputted into CK terminal of a prescaler 31. The prescaler 31 has PI and 
P2 dividing, and one side of the two numbers of dividing is chosen by the signal inputted into M 
terminal. A prescaler 31 carries out dividing of the CK terminal input signal with the selected number of 
dividing, and outputs the dividing clock CP on a line S31. The dividing clock CP on a line S31 is 
inputted into CK terminal of the swallow counter 32 and the Maine counter 33. For example, in drawing 
4 , if about fVo=lGHz, 0= 12.8MHz of fr(s), L= 32, and K= 32, N with three above will become about 
80,000. Since it is Pl=128, the number of bits of counters 32 and 33 becomes 7 or 10 bits in this case, 
respectively, several dividing on a bus BI1 — 7 figures (S) of low order of N are inputted into the 
swallow counter 32, and 10 figures (M) of the high order are inputted into the Maine counter 33 from 
DT terminal. With the number selection signal MD of dividing outputted on a line S32 from CA 
terminal, the number of dividing of a prescaler 31 is set as P2, and, as for the counter 32, the counter 33 
is also performing counting simultaneously in the meantime until it finishes carrying out counting of the 
number S of dividing. After counting of a counter 32 is completed, with the selection signal MD on a 
line S32, PI is chosen and, as for the number of dividing of a prescaler 31, only a counter 33 continues 
counting after that. A counter 33 inputs the numbers S and M of dividing into counters 32 and 33 from 
DT terminal again, respectively with the carry signal outputted on a line S33 from CA terminal, after 
ending counting of the number M of dividing. With it, as for the number of dividing of a prescaler 31, 
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P2 is chosen, and counters 32 and 33 newly start counting, counting of a counter 32 — the content is 
outputted to a bus B32 from terminals Q0-Q6. counting of a counter 33 — the content is outputted to a 
bus B31 from terminals Q0-Q9. On a bus B16, the data on a low order digit and a bus B33 are unified 
by 17 bit data as a high-order digit, and the data on a bus B32 are inputted into D terminal of D flip-flop 
171 of 17 figures in the sampling differential phase generator 17. The carry signal on a line S33 is 
inputted into the switch terminal of a flip-flop 177, and generates a selection signal SN. It is the same as 
the component of the example which shows the component of a frequency synthesizer 30 to drawing 2 
except for the variable divider described now. However, since the number of bits of the number N of 
dividing is increasing 4 bits from drawing 2 , the multi-bit circuit element within the circuit block 17-19, 
the circuit elements 201-205 within the circuit block 20, and the number of bits of each bus are 
increasing by 4 bits. The number of bits of D/A converter 21 is defined according to an application 
system, and is 19 bits in this example. In addition, when several 4 N is used as reference signal 
differential phase deltaR, the constant in the multiplier 176 in the sampling differential phase generator 
17 is CK. When N/C drawn from several 4 as reference signal differential phase deltaR is used, the 
constant in the multiplier 176 in the sampling differential phase generator 17 is K. The basic actuation 
concerning this invention of this frequency synthesizer 30 is the same as that of the example shown in 
drawing 2 except for the content of the counters 32 and 33 being sampled by the sampling differential 
phase generator 17. Therefore, the object of this invention can be attained. 

[0077] Drawing 5 shows other examples at the time of using 2 modulus prescaler for a variable divider 
side. The frequency synthesizer 30 has the criteria oscillator 11, the clock generation section 14, 
VC015, 2 modulus prescaler 31, the swallow counter 32, the Maine counter 33, the prescaler 
differential phase generating section 37, the differential phase comparator 18, an integrator 19, the 
signal-processing section 20, and D/A converter 21. The whole configuration is the same as the 
configuration shown in drawing 4 except using the prescaler differential phase generating section 37 
instead of the sampling differential phase generating section 17 in the example shown in drawing 4 . 
Moreover, the frequency of the various clocks which the criteria oscillator 1 1 and the clock generation 
section 14 generate presupposes that it is the same as drawing 2 . The prescaler differential phase 
generating section 37 has a selector 371, the adder 372, the register 373, the flip-flop 374, and the 
multiplier 375. The number selection signal MD of dividing is inputted into P2 dividing and a switch 
terminal at A input terminal of the 8-figure selector 371 at PI dividing and B input terminal, 
respectively. From Y output terminal of a selector 371, the number of dividing corresponding to the 
number of dividing of 2 modulus prescaler which the number selection signal MD of dividing chooses is 
outputted on the 8-figure bus B371. The signal on a bus B371 is inputted into 8 figures of low order of 
the 13-figure adder 372. The addition output of an adder 372 is inputted into D input terminal of the 13- 
figure register 373 through the bus B372 of 13 figures. With the clock CP on the line S31 inputted into 
C terminal, D input terminal signal of a register 373 is transmitted to Q terminal, and is outputted to the 
13-figure bus B373. The signal on a bus B373 is inputted into another input terminal of an adder 372. 
Moreover, with the clock Fr21 on the line Tl which is inputted into D terminal of the 13-figure flip-flop 
374, and is inputted into C terminal, the signal on a bus B373 is transmitted to Q terminal, and is 
outputted to the 13-figure bus B374. After this clock Fr21 is inputted into a flip-flop 374, a selector 373 
is reset with the clock Fr22 on the line T2 inputted into R terminal. Consequently, the signal on a bus 
B374 serves as a value which accumulated the signal on a bus B371 between a period l/fr2 with Clock 
CP. In this example, since the frequency of Clock CP is 8MHz weakness and a frequency fr2 is 400kHz, 
the digit count of an adder 372 and a register 373 becomes 13 figures. A multiplier 375 carries out the 
multiplication of K= 25 to the signal on a bus B374, and outputs a multiplication result to the 1 8-figure 
bus B37. The function of a multiplier 375 is realizable by shifting 5 figures to the high order on a bus 
B374, and outputting to a bus B37. Serration signal differential phase information deltaV on a bus B37 
is supplied to a differential phase comparator. 

[0078] In this example, N shown in several 4 as reference signal differential phase deltaR is used. When 
PI / P2 [ C and ]/C is used instead of PI and P2 which are inputted into the generator terminal of a 
selector 371, and a battery terminal, respectively, the multiplier in a multiplier 375 is set to CK, using 
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N/C drawn from several 4 as reference signal differential phase deltaR. 

[0079] The effectiveness of the prescaler differential phase generating section 37 shown in drawing 5 is 
that there is little circuit magnitude as compared with the sampling differential phase generating section 
17 in the example shown in drawing 4 . namely, the sampling differential phase generating section 17 in 
the example shown in drawing 4 — setting — sampling — after taking difference, the part which carries 
out carry amendment consists of only accumulators which consist of an adder 372 and a register 373 in 
the example shown in drawing 5 , and the circuit number of bits is becoming fewer. Consequently, there 
is effectiveness of circuit magnitude reduction of an LSI circuit and reduction of the consumed electric 
current. 

[0080] Setting in the example shown in the above drawing 2 , drawing 4 , and drawing 5 , the relation 
between the oscillation frequency fvo of VC015 and the frequency frl of the first clock of criteria is 
fVo= (N/K) and K-frl . (several 5) 

It becomes. Although this N/K generally becomes nonintegral, the truncation error by sampling is not 
accumulated by asking for the difference of a phase, i.e., a differential phase. Consequently, the output 
of the integrator 19 which integrated with the output of the differential phase comparator 18 over round 
term of arbitration 1/frl serves as zero, as shown in a table 2. That is, the 2nd object of this invention 
can be attained. 

[0081] Drawing 6 is an example at the time of using the numerical -control oscillator which has the 
adjustable number-of-steps value Ns as a saw-tooth wave serration signal generator 16 shown in 
drawing 1 . The frequency synthesizer 40 has the criteria oscillator 11, the clock generation section 14, 
VC015, a prescaler 41, the numerical-control oscillator differential phase generating section 47, the 
differential phase comparator 18, an integrator 19, the signal-processing section 20, and D/A converter 
21. This example is considered as the same configuration as the example of drawing 2 except for a 
prescaler 41 and the numerical-control oscillator differential phase generating section 47. Moreover, the 
frequency of the criteria oscillator 1 1 and the various clocks which the clock generation section 14 
generates presupposes that it is the same as drawing 2 . The prescaler 41 which has the number C of 
dividing carries out dividing of the output signal of VC015 which has a frequency fVo, and outputs the 
dividing clock CP on a line S41. 

[0082] A numerical-control oscillator repeats the actuation which accumulates the number-of-steps 
value Ns between round term l/fr(s)l with the dividing clock CP. If this accumulation maximum is set 
to N, the number-of-steps value Ns will be given by several 6. 
[0083] 
[Equation 6] 

Ns=N/[(fvo/C) (1/frl)] (several 6) 

Therefore, in order to change the oscillation frequency fvo of VC015, Above N is set constant and the 
number-of-steps value Ns is changed. Here, if 1GHz and the number C of dividing are set to 64 and a 
frequency fvo sets a frequency frl to 12.5kHz, the value of a denominator shown in several 6 will be set 
to 1250. For example, it will be set to Ns=220 if N= 1250x220. The content of accumulation of this 
numerical-control oscillator can be sampled for every frequency K-fr, and a differential phase can be 
searched for by the circuit equivalent to the sampling differential phase generating section 1 7 in the 
example shown in drawing 2 . However, the example shown in drawing 6 searches for a differential 
phase by the prescaler differential phase generating section 37 of the example shown in drawing 5 , and 
the similar numerical-control oscillator differential phase generating section 47. 

[0084] The numerical-control oscillator differential phase generating section 47 has the adder 471, the 
register 472, the flip-flop 473, and the multiplier 474. The numeric value Ns of 20 figures on the bus 
BI1 from the interface section 22 is inputted into 20 figures of low order of the 26-figure adder 471 . The 
addition output of an adder 471 is inputted into D input terminal of a register 472 through the bus B471 
of 26 figures. With the clock CP on the line S41 inputted into C terminal, D input terminal signal of the 
26-figure register 472 is transmitted to Q terminal, and is outputted to the 26-figure bus B472. The 
signal on a bus B472 is inputted into another input terminal of an adder 471 . Moreover, with the clock 
Fr21 on the line Tl which is inputted into D terminal of the 26-figure flip-flop 473, and is inputted into 
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C terminal, the signal on a bus B472 is transmitted to Q terminal, and is outputted to the 26-figure bus 
B473. After this clock Fr21 is inputted into a flip-flop 473, a selector 472 is reset with the clock Fr22 on 
the line T2 inputted into R terminal. Consequently, the signal on a bus B473 serves as a value which 
accumulated the numeric value Ns between a period l/fr2 with Clock CP. In this example, since the 
frequency of Clock CP is a little less than 16MHz and a frequency fr2 is 400kHz, the digit count of an 
adder 471 and a register 472 becomes 26 figures. A multiplier 474 carries out the multiplication of K= 
25 to the signal on a bus B473, and outputs a multiplication result to the 31 -figure bus B47. The function 
of a multiplier 474 is realizable by shifting 5 figures to the high order on a bus B473, and outputting to a 
bus B47. Serration signal differential phase information deltaV on a bus B47 is supplied to a differential 
phase comparator. 

[0085] In this example, N= 1250x220 drawn from several 4 as reference signal differential phase deltaR 
is used. When using N/K=l 250x2 15 as reference signal differential phase deltaR, the multiplier 474 of 
the above-mentioned example can be omitted. Moreover, in a certain application system, the comparison 
result outputted from the differential phase comparator 18 can omit 5 bits of this high order, when 5 bits 
of high orders do not change. Furthermore, according to the frequency fluctuation of a synthesizer based 
on the quantization error permitted by the system, a number of bits of a lower bit are omissible. In this 
example, the number of bits of a bus B 18 was made into 20 figures these results, for example. 
[0086] If a frequency fvo takes the various values of n-frl (however, n natural number) in the example 
shown in drawing 6 even when C= 1 [41 ], i.e., a prescaler, is bypassed even if, from several 6, generally 
the number-of-steps value Ns becomes nonintegral, and cannot be expressed with the finite word length. 
That is, the 3rd object of this invention cannot be attained. However, it is the same as the example 
shown in drawing 2 , drawing 4 , and drawing 5 that the example shown in drawing 6 can attain the 1 st 
and 2nd objects of this invention. 

[0087] Determining the number of bits of the component circuit in the above example, for example, the 
number of bits of a counter and a D/A converter, depending on the system which applies the frequency 
synthesizer by this invention, the number of bits of an example is only an example. Moreover, although 
the operation in an example is performed by the binary number operation, it is clear that this invention is 
effective also in the operation which uses the number of arbitration as a bottom. Moreover, it is the 
range which does not deviate from the idea of this invention, and it is also clear that the configuration of 
each part circuit can be changed. 

[0088] Below, the block diagram at the time of using the frequency synthesizer by this invention for a 
communication device is shown in drawing 5 . 

[0089] The communication device 50 shown in drawing 7 is equipped with the above-mentioned 
frequency synthesizer 30, the transmitting section 501 which transmits information based on the 
oscillation signal from a frequency synthesizer 30, the receive section 502 which receives information 
based on the oscillation signal from a frequency synthesizer 30, and the device control section 503 for 
controlling transfer and the frequency synthesizer of the information on said transceiver section. 
Moreover, it has further the splitter 504 for separating spectrally the antenna 505 used for transmission 
and reception, and a sending signal and an input signal. The device control section 503 can give the 
number N of dividing for changing an oscillation frequency to a frequency synthesizer, and initial value 
thetai including the above-mentioned microprocessor. Moreover, the device control section 503 can 
carry out control of the transmitting section 501 and a receive section 502 if needed, and contains a man 
machine interface. The transmitting section 501 and a receive section 502 can transmit and receive 
according to the oscillation signal from a frequency synthesizer 30, respectively. 
[0090] The frequency synthesizer by this invention fits the migration communication device which 
needs a high-speed frequency change. According to this invention, a high-speed frequency change is 
attained and it is effective in equipment smaller than the equipment with which the frequency change 
formed the late frequency synthesizer in two-set juxtaposition, made it operate by turns, and attained 
improvement in the speed being realizable. 

[0091] Moreover, it is obvious that the frequency synthesizer by this invention is applicable to various 
equipments, such as a measuring device. 
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[0092] Furthermore, according to this invention, most frequency synthesizers are digital circuits and all 
LSI-izing or LSI-izing of the part except VCO is possible. Therefore, it is effective in a small frequency 
synthesizer or the small equipment which applied it being realizable. 
[0093] 

[Effect of the Invention] Since according to the phase-locked loop configuration technique which 
compares the differential phase of two signals of this invention the phase jump of 2pi produced in a 
phase error signal is lost when the phase of two signals is compared directly, there is effectiveness which 
can make circuit magnitude small. Moreover, since the average over a round period of a reference signal 
serves as zero, without accumulating when the quantization error by asynchronous sampling also takes a 
differential phase, the frequency synthesizer which generates an exact and stable frequency is realizable. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/7/2004 



Page 1 of 4 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrical potential difference/current-controlled oscillator which controls an oscillation 
frequency by the electrical potential difference or the current, and outputs an oscillation signal, In the 
frequency synthesizer which has the criteria oscillator which outputs the reference signal of a 
predetermined frequency, constitutes a phase-locked loop, and controls an oscillation frequency A 
reference signal differential phase generating means to extract topology from the reference signal of said 
criteria oscillator, and to output in quest of a differential phase, An oscillation signal differential phase 
generating means to extract topology from the oscillation signal of said electrical potential 
difference/current-controlled oscillator, and to output in quest of a differential phase, The differential 
phase comparator which outputs this differential phase difference in quest of the difference of the 
differential phase from said reference signal differential phase generating means, and the differential 
phase from said oscillation signal differential phase generating means, The frequency synthesizer 
characterized by having the integrator which integrates with said differential phase difference and is 
outputted in quest of a phase error, the signal-processing section which carries out signal processing to 
the output signal of said integrator, and the converter which changes the output signal of said signal- 
processing section into an electrical potential difference or a current. 

[Claim 2] It is the frequency synthesizer which said oscillation signal differential phase generating 
means samples the oscillation signal of said electrical potential difference/current-controlled oscillator, 
extracts topology, makes topology a saw tooth waveform in claim 1, and is characterized by having the 
serration signal generator generated repeatedly and the serration signal differential phase generating 
section outputted in quest of a differential phase based on the topology of the saw tooth waveform of 
said serration signal generator. 

[Claim 3] In claim 2, said serration signal generator is repeat frequency fr (however, fr frequency of 
arbitration) based on said oscillation signal. H (however, H natural number) time sampling is carried out 
per period, topology is made into a saw tooth waveform, and a serration signal is outputted. Said 
serration signal differential phase generating section The topology in which the serration signal from 
said serration signal generator gets mixed up is compared, and differential phase information is 
outputted in quest of a differential phase. Said reference signal differential phase generating means The 
serrate reference signal generating section which samples the reference signal of said criteria oscillator, 
extracts topology, makes topology a saw tooth waveform, and is generated repeatedly, Based on the 
topology of the saw tooth waveform of said serrate reference signal generating section, it has the 
reference signal differential phase generating section outputted in quest of a differential phase. Said 
serrate reference signal generating section Based on said reference signal, it samples H times per period, 
topology of a reference signal is made into a saw tooth waveform with repeat frequency fr, and a 
serration signal is outputted. Said reference signal differential phase generating section The frequency 
synthesizer characterized by comparing the topology in which the serration signal from said serrate 
reference signal generating section gets mixed up, and outputting differential phase information in quest 
of a differential phase. 
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[Claim 4] In claim 2, a serration signal generator is based on said oscillation signal, and it is repeat 
frequency frl (however, frl). the time of setting to fv the frequency which you want to oscillate in an 
electrical potential difference/current-controlled oscillator — the relation of fV=N-frl — it is — N set up in 
order to determine the oscillation frequency of the oscillation signal of per period, and said electrical 
potential difference/current-controlled oscillator Time sampling is carried out, topology is made into a 
saw tooth waveform, and a serration signal is outputted. (However, N natural number) The serration 
signal differential phase generating section The serration signal from said serration signal generator 1/ 
(mKfrl) of periods Sample and topology is extracted. (However, K and m natural number) every — It is 
the frequency synthesizer characterized by doubling, outputting differential phase information and the 
reference signal differential phase generating section outputting mN as differential phase information 
mK about the differential phase which compared the topology which gets mixed up, searched for the 
differential phase, and was searched for. 

[Claim 5] It is the frequency synthesizer characterized by outputting a carry when said serration signal 
generator is equipped with the counting-down circuit of the number N of dividing, a counting-down 
circuit repeats counting to N in claim 4, enumerated data are outputted and counting is carried out to N, 
and said serration signal differential phase generating section outputting the difference which amended it 
as serration signal differential phase information when a carry is outputted from said counting-down 
circuit. 

[Claim 6] In claim 2, a serration signal generator is based on said oscillation signal, and it is repeat 
frequency frl (however, frl). the time of setting to fv the frequency which you want to oscillate in an 
electrical potential difference/current-controlled oscillator — the relation of fv=N-frl — it is — N set up in 
order to determine the oscillation frequency of the oscillation signal of per period, and said electrical 
potential difference/current-controlled oscillator Time sampling is carried out and the serration signal 
which has the saw tooth waveform of the maximum topology CN (however, C natural number) is 
outputted. (However, N natural number) The serration signal differential phase generating section The 
serration signal from said serration signal generator l/(Kfrl) of periods (However, K natural number) 
every — the frequency synthesizer characterized by it sampling, extracting topology, comparing the 
topology which gets mixed up, K doubling the differential phase which searched for and searched for 
the differential phase, outputting differential phase information, and the reference signal differential 
phase generating section outputting CN as differential phase information. 

[Claim 7] In claim 2, a serration signal generator is based on said oscillation signal, and it is repeat 
frequency frl (however, frl). the time of setting to fv the frequency which you want to oscillate in an 
electrical potential difference/current-controlled oscillator — the relation of fv=N-frl — it is ~ N set up in 
order to determine the oscillation frequency of the oscillation signal of per period, and said electrical 
potential difference/current-controlled oscillator Time sampling is carried out and the serration signal 
which has the saw tooth waveform of maximum topology mC-N (however, C and m natural number) is 
outputted. (However, N natural number) The serration signal differential phase generating section The 
serration signal from said serration signal generator l/(mKfrl) of periods Sample, extract topology, 
compare the topology which gets mixed up, and a differential phase is searched for. (However, K natural 
number) every - It is the frequency synthesizer characterized by doubling, outputting differential phase 
information and the reference signal differential phase generating section outputting mCN as differential 
phase information mK about the differential phase searched for. 

[Claim 8] The number Nd of adjustable dividing which carries out dividing of the output to the prescaler 
to which said serration signal generator makes said C the number of dividing in claim 6 However, Nd is 
a prescaler type variable divider equipped with the modulo Nd counter of natural number) which has 
number Nt=C-Nd of comprehensive dividing. (— said reference signal differential phase generating 
section Said number Nt=CNd of dividing is outputted as differential phase information. Said serration 
signal differential phase generating section The frequency synthesizer characterized by K Doubling the 
value to which said frequency fr2 carried out round period accumulation of said number C of dividing 
by using the output signal of said prescaler as a clock, and outputting as differential phase information. 
[Claim 9] 2 modulus prescaler in which said serration signal generator has dividing several P1=CP 
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(however, P natural number) and dividing several P2=C (P+l) in claim 6, It has the Maine counter of the 
number M of good variations peripheries, and the swallow counter of the number S of good variations 
peripheries. It is the pulse swallow type variable divider which has comprehensive dividing number 
Nt=P2, S+Pl, and (M-S) =C(PM+S) **C-Nd. Said reference signal differential phase generating section 
Said number Nt=CNd of dividing is outputted as differential phase information. Said serration signal 
differential phase generating section The output signal of said 2 modulus prescaler is used as a clock. 
The frequency synthesizer characterized by K Doubling the value to which said frequency fr2 carried 
out round period accumulation of said PI or P2 dividing according to the number selection signal of 
dividing which returns from said swallow counter to said 2 modulus prescaler, and outputting as 
differential phase information. 

[Claim 10] In claim 6, said serration signal generator is a prescaler which makes said C the number of 
dividing and which carries out dividing. Said serration signal differential phase generating section It is 
the numerical-control oscillator which has the adjustable number-of-steps value Ns (however, Ns is 
expressed with Ns=C-N-frl/fv). Said numerical-control oscillator The frequency synthesizer which uses 
as a clock the signal in which said serration signal generator carried out dividing, and is characterized by 
accumulating the adjustable number-of-steps value Ns, sampling to every periodic l/(Kfrl) (however, K 
natural number), K Doubling the differential phase which searched for and searched for the differential 
phase, and outputting as differential phase information. 

[Claim 1 1] In claim 6 said serration signal differential phase generating section It is the numerical- 
control oscillator which has the adjustable number-of-steps value Ns (however, Ns is expressed with 
Ns=C-N-frl/fV). Said numerical-control oscillator The frequency synthesizer which uses said oscillation 
signal as a direct clock, and is characterized by accumulating the adjustable number-of-steps value Ns, 
sampling to every periodic l/(Kfrl) (however, K natural number), K Doubling the differential phase 
which searched for and searched for the differential phase, and outputting as differential phase 
information. 

[Claim 12] It is the frequency synthesizer characterized by for said signal -processing section performing 
processing which filters the output signal from said integrator in claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 1 1, 
and outputting. 

[Claim 13] It is the frequency synthesizer characterized by for said signal-processing section performing 
processing which adds initial value to an output signal from said integrator in claims 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, or 1 1, and outputting. 

[Claim 14] The semiconductor integrated circuit characterized by building in some of frequency 
synthesizers [ at least ] according to claim 12 or 13. 

[Claim 15] The frequency synthesizer which outputs the oscillation signal of the directed frequency, and 
the transmitting section which transmits information based on the oscillation signal from a frequency 
synthesizer, In a communication device equipped with the receive section which receives information 
based on the oscillation signal from a frequency synthesizer, and the control section which controls said 
frequency synthesizer, said transmitting section, and said receive section Said frequency synthesizer is 
based on said oscillation signal, and is repeat frequency frl (however, frl). the time of setting the 
directed frequency to fv — the relation of fv=N-frl — it is — N set up in order to determine the directed 
oscillation frequency per period Time sampling is carried out and topology is outputted. (However, N 
natural number) Topology Compare the topology which samples and gets mixed up in every periodic 1/ 
(mKfrl) (however, K and m natural number), and a differential phase is searched for. The 
communication device characterized by controlling the frequency of an oscillation signal by doubling 
the differential phase searched for mK, outputting differential phase information, comparing this 
differential phase information with mN which is a criteria differential phase, searching for a differential 
phase difference, integrating with this differential phase difference and searching for a phase error. 
[Claim 1 6] The electrical potential difference/current-controlled oscillator which controls an oscillation 
frequency by the electrical potential difference or the current, and outputs an oscillation signal, It is the 
frequency control approach in the frequency synthesizer which has the criteria oscillator which outputs 
the reference signal of a predetermined frequency, constitutes a phase-locked loop, and controls an 
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oscillation frequency. It is based on said oscillation signal and is repeat frequency frl (however, frl). the 
time of setting the directed frequency to fV — the relation of fv=N-frl — it is — N set up in order to 
determine the directed oscillation frequency per period Time sampling is carried out and topology is 
outputted. (However, N natural number) Topology Compare the topology which samples and gets mixed 
up in every periodic l/(mKfrl) (however, K and m natural number), and a differential phase is searched 
for. The differential phase searched for mK by doubling, outputting differential phase information, 
comparing this differential phase information with mN which is a criteria differential phase, searching 
for a differential phase difference, integrating with this differential phase difference and searching for a 
phase error The frequency control approach in the frequency synthesizer characterized by controlling the 
frequency of an oscillation signal. 



[Translation done.] 
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